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Time Topic
08.00 - 08:30 | Registration
Opening Remarks by:
-Commettee
08.30 - 09.00 | -Head of Laboratory of Water Treatment Technology ITS
-Head of Department of Environmental Engineering ITS
-Representative of NCKU Taiwan
09:00 - 09.30 Treatment of Cyanotoxins and T&O Compounds in Drinking Water
’ ' Prof. Tsair-Fuh Lin, National Cheng Kung University
The role of aeration and pre-chlorination prior to coagulation-flocculation
09.30 - 10:00 | process in water treatment: A laboratory and field research in Indonesia
Prof. IDAA Warmadewanthi, Institut Teknologi Sepuluh Nopember (ITS)
10:00 - 10:15 | AM Coffee Break
10:15 - 10.45 Water quality management and research in Taiwan Water Corporation
' ' Mr. Kuan-Yu Ke, Taiwan Water Corporation
10.45 - 11.15 Optimization and automation in water supply system — Current research
' ' Dr. Ervin Nurhayati, Institut Teknologi Sepuluh Nopember (ITS)
. Phosphorus in freshwater bodies
11:15-11.45 Mr. Welly Herumurti, National Cheng Kung University
11.45-12.00 | Discussion and Q&A
12.00-13.30 | Lunch
Monitoring of cyanotoxin and odorant-producing cyanobacteria in drinking
13:30 - 14:00 | water reservoirs using real-time PCR
Dr. Yi-Ting Chiu, National Cheng Kung University
14:00 - 15.00 Hands-on training: Cyanobacteria identification and enumeration
' ' Dr. Yi-Ting Chiu, National Cheng Kung University
15.00 - 15.30 | PM Coffee Break
15:30 - 16.30 Hands-on training: Flavor Profile Analysis (FPA)
' ' Dr. Yi-Ting Chiu, National Cheng Kung University
16.30 - 16.40 | Closing
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(—)FESZE H ¢ Treatment of Cyanotoxins and T&O Compounds in Drinking
Water

(C)BEHE © A T A5 bR B 505 -
(Z)HHrE

A R LR A B K B EIRYIE 2 R ~ K
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5 %% 3% (Cyanobacteria) f iz 7T b, » & /& R /KU A G A 4 e ) 4
(food webs)H4H R B2 2% - R /KA B (L (eutrophication) fz S5 5% » Eq 85
Gk A2 ) A (biomass) AY B & T B B il > 65 138 7K EE (blooms) » 8K A 7K
KE R4 ~ KEBTEAERE T RARFIRGE KRS8 % - EAMHE RN
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EdR(HERE—EE)KE e FESEKE 2R
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o~ FE IR IR BB AR /K EE S o R o N B AR B UK EE
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54X % (2-Methylisoborneol » 2-MIB) /& 4= BK &0 [E] PY i & 1 fie L HY WA e
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(earthy) » 2-MIB RI[FE i i —fH D 3 B & iV Rk (musty) - EEEE
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(FIk > B < 10ng/L) (8B4 - BH{E < 10ng/L)

4 ~ Geosmin Jz 2-MIB Z {22451

H AT AR A B E e PIEEE Geosmin fz 2-MIB & $# A G (&5 i
REE  ERASAKRE > RARYIE S0 G B K Z B
11 P (58 B R i /K 22 2 AR e (R B 3R B KK B (B L e R
BPE B IR 2R EESGE A E  MERAFEEGEL
Geosmin fz 2-MIB » H iR EE &k iy RAAVKHG T i LAY T&O FEAH -
FEEE - KHIE Ry T R EIR B g fHRENT 7 e B0 > BB mREt R
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(B5%R : Geosmin ~ 4B : 2-MIB -~ &¥k : Geosmin & 2-MIB)

HIN NEESHAT BRI EEN 8 ERUKPESRIVEE
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#1145 (Water Treatment plant - WTP) & S 4585 /K pn BEAZ F > ¥ 38 WA 5 [
SRV E AL SVIRCEA A RR - (BB R KK E 1Y 52 BR T Rl Ry
2 IRIG HRE - BEEEHHKZ S - KERE > DU IR RS
1736 /K Z £ MERYRRE R BT - A B e HIAE B ) B B9 lr K
i R TG AT RN H B 0 - T H AR SR B A 2 BURRRE 1L 21 5%
AV R R4 HFKECKE LT - BT ERE T #KH
Geosmin Jz 2-MIB & E B H A JE 1 (endogenous) iz 485 M4 (exogenous)
N Z [EH R R B (5 > FERR &% EAE M Z o ~ B RFEN T A - &
NEFPREIRGEHEKE - EaeHVVBERY RR B - M ERE S
KPHKEE R -

P R RYE g B R i oK EEHE > JEE AN EHREE &
L= A RWAFTHIRE » WA EAEES 7Kd Geosmin k& 2-MIB
o [y SR RE N H R SO » H SR T -

LA B /Ko B B i e S0 B B0 (50 A R 25 AU & i A T i
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'EEEE 7 i Geosmin ~ 2-MIB K FHELSE = T ELF Ay 52 28 -

Dzt EARS S EEEGR A K. 3 EEABEAE®RILEY
(Geosmin ~ 2-MIB Jz BB EE =T Bk ) iy i B o A I HEE P 2 s 28 -
W7 N E PR 3 TR [EE A A E AH 8 HU(SPME) 48 - 3 A E &
HEr RN ERZHKEATIETERILEYRIZERL - Bl - =
SEZL AR A 28 2 RAH AT E SR T E BT -

(2) F#ft 3 fE SPME 4 4t 2 #% A Supelco #y 30/50 mm
DVB/CAR/PDMS (45 %% 57348-U) ~ 65 mm PDMS/DVB (45 %% 57310-
U) 5z 75mm CAR/PDMS(4R5% 57318 ) » 7= 3 fél i & B4k 1 FH AR 25
EYEXFH 7K H2 By Geosmin Kz 2-MIB » [fj 75mm CAR/PDMS 7R #% F
TR = FEE T AREE Y 3 T

(3) i 72 % B 48 7R E AV AE B A 1AL & W) 15 e 2B Wt B
B BRGEGRINY KR EREHREME L - £
SUNEEEF] 10 2 70% - HEFENE > KPP AERLLEYIRRE
RRKERERERENELT » EEZELHHE - & TARUH
PrEc &M~ B8 (EH B SNETT T E5EHE - KmEE
% EEERERD 2NN 10% - i9E 45 SRR AT A SPME £y
FHEHGRRHKFAERLEYR - ZEE—ER AT EEE

A B o
2.7 208 2 /K IE B IFUK AT R Y B R B 2-MIB Z AR -

(Vezbtsest WA 2B E 2 [ S A a0 7K B 55 (FengShen J
GunShi) » BRETF K R ERY)E B AN ~ BLIR 58 [ B S R ) E Y
A T J LR BT - 3% ZE Bk IR 8 Jg 2 73 #7174 (Flavor Profile
Analysis - FPA)fEZE [ 7K 1 iy SEERIEAY » 3G {50 A ] AH fe =2 HL (Solid-
Phase Microextraction - SPME)4% & SH & i /E 5l % (GCyMSD) #E
FFLERSHT -

(2)FPA 458 » W 7K iR B Y UK 3= 208 Rk R B R i K 52
WA > TS R TE SRR Y SR AR AR o (LTS RER
& A Geosmin f 2-MIB « BFFE%EH » 2-MIB R & Bl /KR 2 [
FAE BAF Y R (% - 1 — 20 58 B e AV EE 214 - Gun-Shi /K
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Ve PR R AR ) B B AR P (RBCs) S IR/ D B i e 5 225 U2 - BE (AR R
HIZFFAed A FREY 40 & 50%HY 2-MIB - {H{£[F({K4Y 0.3 FPA 78
i
3. &L Wit F L 4k i AR AR e B R R I =RV B Y 2 &
(VRS R WA FEE A A B-IRER G 4k i 22
% (Microcystis Aeruginosa) jz 4= Geosmin HY f i 3% (Anabaena
C|rC|nal|3)ZZEHH@HﬁMfi&ﬁ*%)ﬁE['ﬁaﬁ\%ZfﬁEﬁﬁ@m?ﬁ@ FH ¥
7B T BA W % (Scanning Electron Microscope » SEM)[E A &~ »
Z{b1% » Microcystis AY4HIEZR A T ILETE - 1 Anabaena E@Z%Hji
A RE A 2 = 4 e BE T (vegetative cell units) iy 38 537 i 3 iy 531 o
LB » EWEESE S 52 SRV -

()b 52 o 788 FH — e — 4K 5 S8 5 AU A e (L i A o A R S B
B o FEGHUR > IARMIEEN R EH R HE S 670 £ 1,100M s
ﬁﬁ&%f@ﬂﬂ’ﬁiﬁ%@'ﬁi Hy 1.3 2 5.0 & - 1R AR IE)E H & 8
G BESEE Y K B /K o R B[ Ry 70 % 590 M s e R4
WHTE ST - AR ZEIH’%EW& » Geosmin & 17 RIH R E K -
A Hf—HE 73 #) Geosmin - Ty EBLAHM B &S & - %ﬁlﬁlzﬁ%ﬁi?ﬁ
ME  IERZHANFELT » f4LEES B-EREEFHARE R
TR

4. BT INAED ARG VBRI I 2-MIB Z 52 %

(1)az b 9T 3 22 51 34 2278 e 1 25 B8 7K R B 8% 2 A i 09 /K g
HEFY - §ERIT B IR E LR (PAC) R 2-MIB J7 HHY &
o REILHW > IR ABREERETET PAC IRINSNEE
B o B0 o BT AN B E A R mE R AT TR =
(Homogeneous Surface Diffusion Model > HSDM)#f& e & M4 i 7Y
W2 KB IR - BRI iE S R RE S (E Ryl e /KR B SR 2
AR

(2)HSDM J2—{[E B AT > FIT e A0 R A5 fi ) 14 s i EL 2] A PR
B3 /K BSRAG A I B Y R Y IR I B AR - IR L 55 YY)
BRI T R IR CE AR - R R T I L2 A S Y -
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i HSDM f17# A 28 (2 57 (DRI IR HE (LIS - RITRES) 5 ()
ST UM T MATRRE 5 (VBRI BRI (A0  SHLPE - pH (%)
F(A) TR - 5351 » HSDM (109 12 SR A1 & (1) B B A i
P L TR R 2 5 (2)E BRI - B (3t
SR R ()RS RS - LU T A B B L = Bk e
BRI RS - B - 195 TS )IBR -

(VA E R LSS 24  (DHBE R FUKD 2-MIB Ay
& QIEFKPSEIIAS G » BRAE B TR BB -
DL K S ST BRI 2-MIB IR 5 QMEIRKH
SN A 2R R IE— B » DAL AR B S5 S 0 WPH
FE VT (1132 B0 Calgon /2 ST A2 7 2 38 L ik e 17 R
BER ¢ (A WSP SEIEREA & — R H B S
o 2 KA 2AT FEREE VLR EL T P 57 B A (7 8
> PRI ELTE U AT MDA UK S T M BT B84 -

(4)H WPM Kz TAC i eV P i A JB LI 5 7K o A i s 2 g by 4 e - 9
AERLEKF - fE—ER WGBS EE S > 2-MIB (2% Rl
EVERR I R AR - BT AL RRE o HAEAEFKS - A5
Freundlich W fff & % 1/n & - W45 & HSDM = » BIA{E HFR i
TR IS D ER T - ARFUANE MRS 2-MIB HY R T8 1) -
BESL - FZEEA LU 2 Bk
AK R G R EE RS IR A B E - EagEEREAT

RSS2 T ik 2R T Y 2-MIB R ji 22 /K ot

B.JYE R PAC [ 2-MIB Z W fffEh 77 i 4% 7] #; HSDM #5 5,
fo&—sHEh BB ErT T - S TR M B (Jar Test) b A
7] PAC /I EHYE EREEIR - TR EHETHNE T PAC ¥ 2-
MIB HYEFRIUR -

ZoBIBR KRETRENBSEREEZ IBRRENANEM : Ble—
RERRZERBERETHIVIR

(—)JEZRE H : Therole of aeration and pre-chlorination prior to coagulation-
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flocculation process in water treatment: A laboratory and field research

in Indonesia

(Z)EFEA ¢ Ee I KE TR K AR s i R R i st O B H A
Dewa Ayu Agung Warmadewanthi ff - -

(Z)VHEFEAE

B AR Y R S KIS B 5 22 R OPR I B B (Jar Test) PR
TEREEAT UK IBIR R RN AFREEEFE - S ORASUET R
KIKE » PARRE A (R 57K F 82 R RERUMAE - ARANSF S
Z BRI - SEREM g

Warmadewanthi 1@ --45H} » ZKEFAE A K SC A 42 182 473 5 22 B
HEAAT e B K TEFRETENT K MR
R R o MR R 8 R 8 KR H am B EE AT R 0 [
BIRMATcENE —EENEREFmEE REE -

TEENEEE S & LM E4YH 128 fRon i » [R5 28 HA R R & 55
BEOUIDREARE > (EHEFRREE - MAESERD - R/KERE
b S E 0 24 RIARUE KR B - JRERET » AR E
& S%FF A ARUEAE - HEiE 31%%E 53%NH i [E 45 B =Y K B 57K
Mz F B ER5HE - ER/KEHERWTP)TRERHHRE - f£HIEE
th > 7K R B R Y B ZKOKIR EZ A B HYA 1T - HOKE B L g B REEE
KR B ARG » 7 A S L2 4% i R RETRAY R AE

HA BN JEM & [ P R i = B EER /K /KR o R0 [E B8 Y R B T
fmm o RILE S RV KRR R R T — A OWREE - JUK - I8
FOHBERITTAN » INAERIRIUR Z FiE B a it - 55 Ry IERD i A LI
BT FoKBEA L ME - CHFS KRB RER - AIINESE
AR R 0 DU KE

B 5E A & 288 % B Je 2 3R (Badung) J2 £ i [ (Denpasar) i [ 7K iz
HRET5 22 - W& F/KHLE Belusung FF Y [E— I - H W&
MHEE 200 AR - & FEKEALRKRZ - %émia%ﬁﬁébﬂﬁﬁ&%
(platform aerator)i &, » 55 17> FHOB A B T 1 (58 A B K ase (A 14 /K Hh o
(dissolved oxygen - DO) - ﬂméﬁglﬁjﬁ%f&%ﬁﬁB%*%ftﬂiﬁgﬁ{%(cascade
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aerator) » ‘& JF /K #E A g A RI) R IR SR E i TS i T W0 B A
HAETTTHRA (L (pre-oxidation) » JA7KHR N AR BRI TR A& ©

Fo THRFUKEEIR R ~ INAFE A HEE P& 2 BRI it
TiEMEE RN EEE > BT

LIRS ~ S bR Jar Test JEAEEES ¢

ZKERHLE B e 7K Karang Pilang 7K iz B g BUK 1 22 JFE K - H
JESE Ry MUK SR 2 05 44 AR R By il P i (R R & P HR A A2 0
TR U R o E AN B KA HE (0] B B = 0 5 i /K i
% > FRIAHETTIR AR » WK B k/Kt DO HEFH (LB -
KEBRERERE  FERIEAKE 25 558#1% > DO H
4.93+0.04mg/L |7} % 5.18+0.04mg/L - & I8 &0 5 2 5 50 47$% - DO
BEITI&{H 5.84+0.06mg/L- %38 70 4> $8 1% 5.1% » DO 5 5.85+0.02mg/L >
G RFF R E

W ANE R TEINEREGRERXEET K DO && @ HHFEA
BB TE N SRR o0 )l Ry 25 478 ~ 50 sy ## ke 70 sr g iE 3 dH/KER © Iz
AIA 35mg/L K& Bz $5(CaOCly) » LEAL > Ky 1 fiff J6L e iy 5o €K g S R T
SAEBRKEWRZ A - P BB E B TIE R R EF (S - Hhe
AR AR S s (PACIIR A - /KEAeE R 1 A7 - PACHfngg=x

Ky 5 2 30mg/L - EERER R pH o EEEE 200 8/ - {3
TriE > NRIFEEHIR D R - (e H’\ﬂﬂ&)ﬂz i /ﬁ%bﬁi%*ﬁi{ﬁ > R
IKEFFE 10 538 > (EIERI0H - BV BRI &0RRB IR > #IT4A

LA E(BOD) ~ {LEFEFA E(COD) ~ 4R FE#E(TSS) ~ T K &,
T H o3 AT o

2.7 HE

FEHEL B E S 2 & Belusung NEW@F'E%KF%EH ’
WA 5 5 ol E e e R B SR i T B (87K 22 =] (municiple: supply) &
FOEEE o WK B E PL Ayung Ja] By /KR Wﬁ%%ﬁfﬂ%&)ﬁﬁ
R MRS AR % — (R 2) EL65 7 K 8 Fom - RIR A ¥l > Ayung JrHY
SHIREERERRE ~ BH R ER MR EE > [ R
KAKEREFEHBZER - MR KUK AR N > Bz
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AP SRR R LR E AT A > KEEGE - ERBRFUKEUKOALR
EiF > Kep DO s » TS AIRIERK -

WA o e B P (487K B B AR P CR B — Ul — 1B R — 0F 35) (B A
T 5 ) 7K o B s e e 0 SR B Ry e 1T 26 ER ) 4R LRt R AT ID &
24 - M S HBRRZAIEE BT WS B REEAT o FHIEE R
HYBR R i R P Re =0 RIRE A &AL » TiFa AR SEH L EE
[T 1 B2 SR R Y M R S Ry R B B = (SR BERESE 1) - ZUFA A
FOR R KE - DI R TOFTKE - (I REUKEB RS - DA
7J<EF'>‘%?‘—':& 5 TR WA R ) 7K B AR S A0 BT 8% — (Ff ) LB O o = 5

ARy WA Eﬂmk 3 AR RN 2B EITER AR » RTB K
7J<1‘3<H?IEIE%E T R0 PR 3 e R i R K KB Y 72 52 -

LU R sz Wt o2 2 4w B EERG

ls%}a%ﬁ‘r IR SRR REE SR T EUK AT AL - Wi =R B K2 Bt
TTHIN LR -

2. J??'TKZWH%—US’& #Ebtk - DO WY INA BIFY /5 2 Iy Kbk - TR
FERIHIFE K -

3BT M5 Z IR > fkam 2 IE B Wk P R Y P Ao R SR st e B 2
SR 2% T P2 Bl AR SRkt > %7K BOD ~ COD ~ &JE k¢ TSS > ]
135 62% % 69%[EIY LR -

BEENEMEREGER BRI R &  BES R IR AEH]
ﬁﬁgiﬁﬂi 60% -

SAESTEEERL > FER AT EEETT > Aligm K & E 0 RbREiEHE 24% -

6. )57 7K S &L IR SR P I T T o BEAR {2 (o Y B SR i B P JE G- B i Y
TTHIERRER -

= FBE5K  GBERKE)AFEZKE BRI

(—)3ECRE H : Water quality management and research in Taiwan Water

Corporation

(D)EFEA - aEBHAKE) ARG EHE R KE R ET LIRS -
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(Z)VHEFEAE
Z G R RN A LR R R ARG E 8 AOK A HEKEREE K
REKEEFZNEFE B AEHE - IEEE A SRR EE R
— R E REHNIRE LS ILEORZ RIS ST DU AR 2 28 4H 45
SRR T~ Brak Z PYETER IR I B RVETE - B R AR K
B2 mBEERE - AREANSHSIHZERRIE > Falfi= -

B RAHR SRR EEE R AR FKERE T EEEE
L) koK Bt ge st 3 A - A HE T F - 2GR - (b
B FEAF RGO /KRR Z @bt TE - flaEs
iR A AR (2B ~ iE B E) - BEE - HE AR KBS
ZACHEEPISE - DA R fiElE g (branch) 2 i B R 3 2 TAF  AEE P4
Fm - AR R KT EYERIE - R ACEEE E METE - RAEH
PI(NOM) Rz 22 S8 1P (AOM) 3 i 5~ T /KT 4H 2 885 3 B2 M #E K
B RS BB R B KB BT o BB E ST K E R R
KEEFEE - RECH/KOKEETEISIER © 15 > RAFHEKE
Bkt > NMEEMERRAEESE - & 2ERIIERAR IR Z V%
B > DE SRR e K > DIERKE L2 HE -

HPRERRIRE - " ek ) BIRERIUKZ 2 2 B » AN E
RERRMEE R HIE - Pros(bE KR - #EEh 2R K%
= ZKEEH > IREREKERERAET] > R RIRARPTE KB
HEB A - 1SN AN S EEE K H 1995 4 6 HiElkE
4 B B s B BN AR R ST B = B BT T 56 0 RIS B AR e
J& > 55 Ry 2 ] i B I L B B PR 2 > R 2014 RSB B =
U5 2 BIER R A g TAF 1SO 17025 5858 - (EAL FfppEus E AL
(B9 - MELIERIFFRERTZEH > LEEREGABRBIIT 4
AR

LRBSHE et R8s ek 2Rk ZE 2 2 525
DS AN H R RFE L2 B > WEE -EEER - FR
AR BB AN R 2 B K 2 4R E g in A -

2. B 2 EH 7 2mlE | AR EANMER(E KRB EEEE
AR KL 22 /KEEH » RUINEIFIH 2 K S [EER AR E B Rl
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gl > AN FHEKERE EREHIEETT -

ANEHIAE T ¢ B 1995 R &R Bl AU i == 5 BT IR
1SO 17025 5¥5g - seitt AN ] Enle B RV EW - B~ &R
TG RAY AT SR o TRE S AN Bl R EEE 2 N E D R BIFERE R
FE o

4 EARPEAEAE S 2 JE1T 1S0 17025 5258 - AMER R Biite K BdE i
HEFIBEELE - WERAXFR e KEEHNEZ L BN
HAth B 2R 5 4H 48 ¥ 5 B SR Y AR

REPEKFKE - RAFE#FREEH—EE MRS > B £ A0
ST B AR - s B KEE R KA R A Y R BB K5
FTHEMH] > WRERZET L TR ~ fUKRGRACK R
HETT R B 2 > WA Bh 2 e K22 25t (WSP) - Z R HUK £ /K2
AT > DURREERR - A TOMERRH/KSEE > ERAXFEEH
pR B R Sf R &SR E Rl K B E G > AN BRI IR Z B - IR
R G S A EE > DUHR RSB E F/K L2 5 R A ST

T ¥ = BRI B S — A F Y T PR AN FIE R T A
L FESEAE ) KBRS et o (MR SRR SR 0F T > 40 56 SR A K EK
SR ER IR K 2021 FZHEKRTF - AQFHEE B EIERE
& IR RO IR E R ) - thh - E AT R [EEK S
afl > B M RER KRR K F TR - AN FAEFER] TR R E0IR
L ENE - BB A REE 0B DR KO~ DROK - BURCH T 2
S TH 2 H N OKEIR > IR A L S KE TR E B 7 A RTHE M R 2l
RET] - BEME /A EEERSEALF JEENEE - EREEAL
E] ARG (A BB PR - Fri A iy E &R RS R A RGE

ik ANFREGANBTK-RARESAR - 8 i - 255
7K o B TR P T R P B BT TR R o AE e oh o R B R 5 i SR (R
KR GERIYE M > W ORI 8 e DU HER B R E B HEHEY)
BRRZBERRR - ILAh > BRI 0 A SR B AT R S B
SEGTIEYIDERE AR (EEM) AR E A5 2 AR R - e E a2k
BR AR5 ZIFK > PURE TS A A 8L pl G & (R B A O 2 A
D) DI L s = B e > MBS W Fe R BRI Y 2 PRI 2%
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40 pH ERVEE - Fisk d st B e L EEiMEY Z KRRl - 5
s SR AR T ke pH B R E S > DU RIR ERCR -

9~ BIUHRK : fKASKZ B R EEME— BB

(—)3= 2 H : Optimization and automation in water supply system —

Current research

(Z)EEA  EEMNKE T RERE TEZE A LRIHILE Ervin
Nurhayati f&- -

(Z)VHEFEAE

Ervin Nurhayati 45 > Elfe @A /KA 2 FAKKIE £ 2200
TECHE - [BEEIEEEE M 5,600 (AR o HZEHR NN E S
HAEE =  FHwRKEIREY - KL HEERFHEER ST
2,000 ZoR DA _E (2 BRFE94Y 1,150 20K) » MR E oM AR~ - f
Mz EKEERFRENE - S - FFRE R TR S CHE 2 5o
JKENFAEHRE) » FAREZKEA(S H 2 9 H)&E IR KIER - ok - Hifg
= oM B2 (05) /K R B 255 (Wastewater Treatment Plant » WTP) K% i 4E 2% it
BERRENERZ — » RN 25 g e AEsmiEss - 575
R E M ERFERLNAC R A BGR AR TE V5 /K B EHR U AL AT HY AR« #°
LA ERZE - AWt5eatE 2 BRI E T —(# 5E 5y RHAIFE H ARSI
TSR ) 2 R R ER S (FE T T o KU B » CHE HEH AR it
&R ORIE DT - RN BRI SENTTZE - ANESIHZERAKR > 55
3l = U

H1 Ervin Nurhayati -9 {5k 7] A1 > #HEAAZECLH 2021 4 4
L] JE B 22 i 9% B A1 J5 (BRIN) K ¥5 3 (Malang) ~ E2 5 (Badung) ~ FHif
i (Denpasar) ~ /K& #EXAH 7K 22 5] (PDAM 5 Surya Sembada) ~ $[E]
IR BT G AR5 > £ 2 & B AR Ry 2 BROK B2 48 4% (Worldwide
Universities Network » WUN) 2 T4 7K B T A B2 (ITS)EFZE HL 4 - JATFSEET
=P EEEE 3{EZRE > 775 Fy7KE (quantity) ~ 7K'E (quality) 5z &} FH 7K
AP AL E > Rl -

FRENTEE] KRB R AUKERE T - BRI R IRAYH AR
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—(HEEFENER - BN » MBI RIARHIER - B55ME
JRORRE > PN EL K EAH B A S ~ e S ARSI RE TR ARAS
AE R VA B - R KR - BRAME R E RAE—
BT R IT o HRCRRHE R 22 REDKH R AR > S BRA Hh $ i
SRV IE R A & 2R LAV RL R -

TERET T B R HEMb/KE IR E 24, & R e 5 0 >
NG — B 2R e 480 s s LB T R A eI
Sl T 7K TR B E R K 2 Y S o WHFTET EARERET 1 R SR SR I
73 Ky 3 (B ZLAE/NeH (work group) » iR ZE ERESE K EZ 2 ~ KE%L
& ROKFHEMEZ S - F—TIE/NIEENER TS 2K EHEE - fiE
TR B 3B SR B E 47 DURGEEAE RS LK ER & - 55 T
TE/NGH RN E AR T /K 25 8 Bl 5 o 2 27 7K g B Rl R T DR A5 20
Tl PRk B R B (AR o 55 = T/E/INH BT A PR PR 7Kt JE 7 2 4 1
T3 B FE S MK 2R R Y ZKABFE - MR e B 2B R A2 B =X
KR E BT -

BEMUTRETEE G THBIERE - K2 - BIE TIRE - FElRh
PURATRIRER ~ (B2 TR ~ VRS G ny HR A R RS &
FURE R AL FFA 2 EOKE R ZBVIFT K - KL 2
71 e e WIHB SR SR IH H > — @ AE 2021 f£ i BRIN B &)
HyBtgE > HlEH —Em & BllEs Z BB RS - R Dl i R e iz K oy
fC 24 T HY AR - EHEI TR AT E3%5% - 55— HEE
2022 i1 1TS B & BhHYBH 5% T0F - b 72 B B BH 5% H — (i R Aok
B R BERARR R > B4R Y B A A o AT AR R 'R TR
iE WIETHFEAE R B e BB P /K &R E B 2 Bl /K > JRE SR Al
WA T e AR FE K& TR PR 2 V8

B ERE T RER—E R HRE R RIS E - B
HEZE - M KK E B R 0 S E R b
(electrocoagulation) & (B fz iy  kboh o 2T B R B 58— 28 H £ 7K
PR 2 B S5 R g3 AL - Dr.Ervin Nurhayati $5 ) - 72 /K R IDE B
IR & 8O HER R E RFKRIEE TR > B ARERKhTRERT
[E#EY) ~ 8 SN EEWE B R T SR EE/KE SR BRIREH
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FEAT(IPAM)ETE Z £ EE & AR TN 18 E0UR BN K & SO
EAEEREFKERNEARA > IREBENEIFR > fIn&E(bH
w8l E V) (CBPS)HYAE R -

B R ARTEE T HORIRE Ky 0.8mg/L 1 - AT {RIR
BERI R AT IR Z NEEZR 2 40mg/L k2 45mg/L > &Y R]JE D 1% A ]
o %R A& E - A - DRI RAEHE - BEE - SARTE R
(TSS) ~ & & ~ (LEFAE(COD) R B EEHEKEIE - FTES Y BiRE
73 B Fs 94% ~ 86% ~ 56% ~ 23% k2 60% ; 55 LUARAIIE &E R K N A AE T T il
PRI TS 2 BT - U ERE  2E  LBEFEEROEERE
41 I By 46% ~ 48% ~ 95% ~ 36% 5z 29% > FHIL R[] - DIFT A EEE A
ROV R BERIE & KNS & - KE NSRS INE R T E -
AT ER A KK B FE 3

A BEBR  EWEEKHERKAHBE 82 R
(—)FL 3 H 1 Phosphorus in freshwater bodies
(Z)EEE A - BRI Welly Herumurti 12 (SNEERAE) -
(Z)EEBAE

#5735 2 (harmful algal blooms) £ — ({5 ft 51 5 b b iy 52
BB - T T ABEREE ) R RBEE | 2T ENERN %
M ASE T AR A R - BRI KRS RN - 5
R R S BISEB5 - FTAESEUK B RL » 163 e A B
Fi - T R B DK P R T B K A I 1
BRI+ 00T S B R VK e B i - o BLR BB (Particulate
Phosphorus » PP) S (Rt KB ~ /KA A SR A BRI S
fry -

IS ¥ SR AR R R U K PR E HIBLR - 40K
BRI  WRERIER R K MR RIS S T B - DR K T (AR -
R K 75 B K B SRS 7 S (g - IR P B S 2
BIROR » SRR TL  DUFIRELA Welly Herumurti -1 19 i #2241 - 352
T P BRI B R R R AT [ <

Hilp

%
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19714854 BUK B BB LAY R A DL & # B A 7K A 5] Z /KR EE I -

D2 —ELFNEE TR  HRERSgEBUKERESR(L > I
B5 G R - M/KEE— B AEE(L - KIFE B PN - &
RERITH AV ILEELEFELE > SEMERIRE -

QB ATH 2 BRI TR 9T » BIERE T =0 R R » 20 B
t&m i (Zhou et al., 2022) -~ H A& Yasu ;5] (Osaka et al., 2022) ~ Z=
Mae Klong ;o] (Suksomjit et al., 2018)%% o FHFAAAERE L4048
HEEEERL  CHITFZWHEABEERSKhuinyE B EE
HIRA % -

(3)ENJE TV & 3R 3B 6k A 7K A & 22 7K IR BB 53 Al A i )1 B8 0A o5
49.14% ~ /K5 26.35% ~ # N /K5 14.85% ~ /KJE 5 0.18% ~ EHE
5 9.48% > Horp DUH I K2 8H By £ BERAH K /KR > SRAKER -

2.9 8HIREH S I B KOS AL e AR R 2 VAR -

(1)ZE © 7 2017 4E(5 (R0 106 ££)9 7 13 FI A 2 HL T K B 57 38
ROKERENE + Hoob g 7 HERA IR B am i) -

(ENE *
A ENESRIBIBO A » 2021 455 22 3 » T BITRIS(RA R L Y
B -

B.ERIR M AREES 2021 56 27 SR AR E RS HUE -
3 EEFRE N s KR K E R -

(VIS SEIEE > EF © B /S 58 (Environmental Quality Index »
EQNE—{E&F & 51T - FIIETAd B —FF i & B R AV ER IR -
HEFEZEAFNREREE > UZERmE ~ KE - R - &
RS - DI —(E e VR R L - EQI % HiEL
RN BT R AT » TR BEFEER BN ~ HlE BRORBUR K5 [ A 4t
BRI EC > I el IR B B R T g AR T R 2 IR EIRO 0 5
HIR R ERYREE -

Q=BG -

AR RURPY) = R RS 205 42 - HEAE(EFSR
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= (BOD) -~ {LE2FHF % E(COD) ~ FEAEY)E (SS) » ZEE(NHs-N)
KA (DO)E 5 IR R K -

B.REAIEE - AREHEHE foKEERLEENEY > THE
FOKAG T R (TP) » RE N IEGRR a GEHREGH - FHAE
BiE > FoRKERERCEEREE TR EECREERER
e

R)ENERTR/KE TR B BHR AR B E

ACKE B AE M  FRET5RAR  EE C1 ~ 53 K
SKIREUK T ~ 511~ 455 - KR ~ R 2 A EEBIRE Y Lk
B -

B3 BU/K BT #5 B 5T (K BT 5 776 248 - NHs-N ~ BOD ~ COD -
DO - S RAH % (NOs-N) L T8 FE S5 B (pH) » 5 AR E 4 (TDS)
4T EIR(TSS) -

4.9 & E KR K E B4 -

(1)ENE /K& B HI48 8 BT STATUS MUTU AIR | 128 BT /KB HREE |-
T HHER B R RS B35 i B 42

(2)E 6 FK/KEENMEEH » Kook 07 ~ i K TIT7 3 {ElEi
fEEE EAARTS MIAUER - ETEAEEES O B koK
5 R - A 2B T R R A (Y St AR St Ay S AR
REAEEGENIENLE - £ N AR ECITE - RFRML - &
-~ W EHE -

Q) EREE FAVBFERR  GERE THERN c ZEEEEER
BORIR/KE RRE - tHE &SRB R AIE & RN~ KEIRRS - B 2 5
BSBZGAHEBROKE SRR - HE A ElfefKE
TTHREEIEIE O By 4 (EFEH > MEt BKBEfRBAT R 28It
8 IH - Frad B2 E ) B EAIER T EKERER IR > 5

AIRE E IR H RIS H -
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‘L : : “

B 6 Elfe/KEKEENEEE

v Stasiun KLHKGY, Sidomoro Wringinanom.
Songai Brantas, Kabopasen Gresik, Jawa Time.

uuuuuuu 'l FRONL STASIUN SHARIN TREND
Das Indehs Pencema Parsmeter Krilis Tanggol Dats
Brantas z 02 Agstus 2023 ~ |

Indeks Pencemar Per Parameter

CEMAR BERAT

CEMAR RINGAN
MEMENH] ARUMEY -- n
il W L =
Amoma =] cop oo i
sungal kelas i Lam;

2. Apabila ndeks {4 artr det tidak walid

n

5.0
LEMAR SEDANG

B 7~ FKKEERSERKESGR

5.5 I i 2 B 2 SR ME B P S AL

(DR SKIH - ol iy s By )i i R FE R E i R ettt e - ISR R SR
HRESE RS A R Y ERR > ORI & 2 /KA 5 A M EE R 5

b B Ry R
()FEARFEPTHAR] > FEA W B QR R EE Y _E T3 -

B REERE R

BZWRGROE T o JAl s SRR IR B A EE B I - 32 W RERE (21 T i fsE

HHA -~ REsH P2 -

(MRIERET Yasu JATHYHTFE > 15 (AL RS H SR E/COR B IROE T B
ik (PP 5 o BE A /= » T AE AR By LRt - F PR 26T PP RE
RUEWE NN - B TRE R T A [F] L2 & RO IR 1T ol iy 225 B2

TRHYZF -

6.5 a B S /KA TP R HY R -
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(1) 7KEEAC -

A3 KB RTHLE ZEE 2 AR ~ & 5% K BULLIKE -
B.BVLLIZK EE /K2 Hl B B B2 K= % e

() 3 ST By /K E f it IR B 2 R SCRNEETTER ¥ oo -
A.ZCJgk—  The influence mechanism of the main suspended particles
of Yellow River sand on the emitter clogging — An attempt to
improve the irrigation water utilization efficiency in Yellow River
basin. ( &= A br o T S ROF E RSV B R SR 2 LR &5
G iy s BT — S5l S = EE K Z FI R ) -
B.SZEt — : Landslide Disaster Mitigation in Three Gorges Reservoir,
China. (2 A = 1 7K [ = Ot ek $K SR )

(K& twbard HAEET 14 TH » S 480E - S0ARRRE - Za5ENEE - 4 fmik
B ~ EAWREE - AR IREE - AR TREE - BOY SRR
R A PR RENE - SRR BEER DAGERE - pH ROBE - 9120 45 AR -
N HY R S KB P HRE © (0% 4 FToR)

® 4~ BEERESOKT R ES'Z 0

AR B
AR | RBRE I SRR =) X RR— XR=
1 TP mg/L 1.174 0.470 2.890 0.1~0.14
2 TDP mg/L 0.969 0.114 0.016 0.01~0.11
3 TPP mg/L 0.205 0.355 2.874 0.03~0.09
4 TIP mg/L 0.642 0.414 - -
5 TOP mg/L 0.532 0.055 - -
6 DIP mg/L 0.564 0.100 0.004 -
7 DOP mg/L 0.404 0.014 0.012 -
8 PIP mg/L 0.078 0.314 - -
9 POP mg/L 0.127 0.041 - -
10 TPP/TP % 17.50 75.69 99.46 50.00
11 pH 9 Rl 20 7.462 8.095 - -
12 Turbidity NTU 7.04 298 - -
13 TSS mg/L 24 352 - -
14 TS mg/L 430 903 - -
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T RARBFEHY T

(137K A 7K L P (particulate phosphorus > PP)R S, 72 4k
G WELKERE RIS - 280 > AIHET 200 bl
7 PP ZRIAE oy i e HLAE 2Pl ~ Uik~ RIERME ROKE R
MESENR 228 EAEDBHITI TR 3K T PP HY
EERTTIREAREH] -

(2)PP T UG ERHA RS/ INAHFERL - M B A A R E R o RS
i o

(3) 0T 2= g 7K o B B3l 1 ol s AN B 22 R 2 SRR BT s RE - H A Al
@ (i B T SR A E ) £ (computational fluid dynamics » CFD) | 7
R U K R P g K R R B 1 2 BB

(A)LAh > JREFER A CFD /K A0 e 38 M i 2 fl /K E R 2 PP &
brI77% -

N~ EBNIBR ¢ BN A T 8 S B T VAR R A ZK R 2 — B 7K B o
EGRHER KRR

(—) 3% X & H * Monitoring of cyanotoxin and odorant-producing

cyanobacteria in drinking water reservoirs using real-time PCR
(Z)EE A IR E = A -
(Z)EFENE - (FCERE R #7N)

¥5 %% % (Cyanobacteria) i@ —Bf i ZHI Y > B S A P R By — {3
Fiokor 2 - HHBRREE R EBIFNT  BIVYEEEER » 1305
" photoautotrophs " photo 2K H X FlE S0 ZEE" J¢ " autotrophs |
KE RS Tauto, (HC) M "troph, (B&)WVHE » ﬁ%%ﬁ%%’]@

TS =2 B/NAEY) - BE4kS E%E BEEFR - KSR —

{bhxiEE B ERYMEURELEEAR - E2MIK LR AEEY B
HEEFNES  théks E&Tﬁ?@t?tﬂfﬁfi&ﬁit BEGRE A 5L
% Fy " Cyanobacteria > ZRE N ETEHAVEEE - HNERAELST
B > LHEEORRRGOEGER  (FHERESE -
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BARRE T A FN SR - G830K ~ 0K ~ BUR - Mumim st
BetEIREs o CHVEIEMIEE 8 > NIt S A ERAERRRT A E
AYHEES - SR EAEAER AR T I EEEREA T - TERYEAVERE
HaE e e FHELRR AR ERKERE K KRRE RS
SRR LA > FLELEEGRHE nHETT [ &L (F H (nitrogen fixation) » BESHE.
PEF I RSR T B SR M B R AR Y a] AR EY TR =0 (A0 i B B ~ 2~
—HA(EET) > BIEIEER (nitrogen cycle)fi £y HE 2 -

PRI » & BRI R 1 8 & E TR BB E I 5 & 2 1% 2E (algal bloom) »
AR RE A SRS AR By o BROIARER - CREE IR KEERE LT
EIHY B A ERE - (HKEEVRAMIET - SRRKENHEMY) K
B BEdG » URAERR AT B IE R Z N 2E AR R A SE - iRk E
H Lo AN BEARTRAY T B Y& & Geosmin~ 2-Methylisoborneol -
& Z (Microcystins) ~ [B]#F 12 g% 2% (Cylindrospermopsin) ~ $5 92 fjg 5 5
Z: (Anatoxin-a) ~ [ [ 12 g 5 55 2% (Saxitoxin) - {7 72 £5497)/8 o> 41 Geosmin
Ko 2-MIB > s i Rk - 11T 5 B ER B A 18 28 R 8RR 7K Y 2 e 1 -
E 2 EAHYA SR & HER HFERIVAZYE - 3 A8G2KE
BEUHERARETFELERIN - A E - ARG - & Ry m s
(R - LHEERMEHSUKEoK LSS F R BT KM S K
BHEESCRNHYE - [EREERS G - $IKELY) » B
ZURE BN AEET - BN ER AR -

Rt /K R MBSO RE B EEREERERE - R
AEEE—HEER T4 - DUESENTANS > AEREKER
KA FER RS Z EREET oMW o BERERG - BR
B~ ot > BRI E S > BE EVFE 2 2 3 KAV -
AR AL S — I R AR /KEGIRDT M T PR EUMH B O e S i e~ o m]
FENIE IR A E G ER R - & 2GR T BEE -

HArRE SN L E S B BEMERE - S AT E LA
(GSIMS) K ity i G P W B kB (ELISA) HETT /K h EE SR VSR 8 S E & -
PRI - BRI Y B IR G e ERiRGR > BERER
B RRHAE -

R BRI Z IR - sk e ba o i Ands Z S S de T E e 2
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AL > 9T A BT HIHY 2017 £ ) 2019 S5 PCR £eify - plTh B &
AR B R SR B E AR i 574 - BRI S > PCR GAE L
B REREE - MR B BALE T B B AR Al T 42 HL DNA - MR ERY
5191 (primer) #£1T PCR UK > FE#H qPCR FSUlT#E T2 B 4T - 52805
AT R - BRI AR 5 PR E B e B K AV EE SR

GrEE Dl BEekR B — PR LB BV R B AR R B A -
A E R HERHY ERIP R B EER R 2R S E A Hﬁﬁ’\‘%@i&a
A A B o B > BT RS R E R P EGREE -
MK ERFYE » HRERAEY) > THEAE > BREE - J%/EE
MESORRENRFEN B E > BEEN TR DRI E I
BT - EANEIARETT -

t - BLER  EGEZEE KETE
(—)¥ @ H : Hands-on training: Cyanobacteria identification and

enumeration
(Z)EEE A ¢ BRI RS E = 1# 1 -
(Z)EFEAE © (FCEREE A% t)
19401 = 2 B % 85 (the compound light microscope) 2 J5 H 7 i o

(1) TEFOCLEE M, BRE ROV - EAY) - BERHE
L FRHER SR IR Ry (E ] - RO RN ", K T H
B WREER REAYIEEE G - IR ERE ", KT H
B UK RAVRAE - RAOCERBMSE T KRS EE A S
Kra B — 87 R FYS O ER N AT ER A2 bk - MMEREHTE
SRS JRA] GREFRGEYBITE -

(2 R E OB R 2 EREIT /LT 10 11 > Bk ERGH S
Rt P2 H -

A HiE R E A IRE AV EL o - E— D ORISR P i &Ry
Ve g o

- WgR - R—dliRR O BRI E - BIMEREEICA —
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J.

RIS SRR FIRTROA RS -

Tl BRI ¢ HR AR E A S o AT BRI S
REIIROA i -

CBRARE  HINICE R EER AN -

JEIR - R IR AR -
HEChestt - BRI ERRE o ERS G EIAM -

- AR ALFYCIR BB Z R o DU RO R I S o R T

& o

- MIE SR - AL EIRBR A Z R > IR EE R EUEROEE - DUE

b G R PR -
BB SRR AR -
SOAE PR R BB R Y B o SR AR E R 45 I S

2. 1 48 W o F 4 FH = B 0 $% (Differential Interference Contrast
Microscopy > DIC) 7 #&#5 kr JHFH -

Doy

T =B TR 2 (EAE A28 e SRl st

V)2 AER - EResiE fhm B ELE K = 4ES NV IE G - S H Y
KAV RV R -

(QsHE oy A HERMER 2 EEEIT/HLUT 8 1H > MM ERIEREH
SRM#kE P3H -

A.

B.

JEIR AR A ARDLR - T R G LED K& -

71 ¢ 25 (beam splitter) © & A ST BRI SR > o3 Bl BB A HY
AIEE I

{R#x i (polarizer) &z 73 #1285 (Analyzer) © FIZICEE £ K 0 A T Iz
e

Wollaston #%#5 Nomarski #2858 © H DUEE A= S BB 4 & o0 2
ZHH - EETHE -

Vg © EESCHRIL BB AR AME -
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F. BEmE 0 T MEEEAR B GBS DL
FEREAL

G. Wi © H DA% ~ scekE4rY DIC &% -

H. B e © ARNERBYSRMEAZNE > UEEE
bty el 452 -

3509 DIC BU=O R BB 2R -

(L)% B A pleAR ] - DIC BB A A W AR ey T8 DU RS EE
J& o i A SR S 1 e MR S e s Y 2 BILERE -

(2)1%7@% DIC Zafs e A AU G B A TR S BT EE S R AT AR 8L
ARERUNME AR I E 2L -

(e H#LE : DIC s nl i H B R AR OB A - 4175
ARG ~ AHE&R R — SRR o 1B OLR BN A A 2R (]
TE R A EHIREAR -

ST EHEE 45 AN B ST 8 (cell Enumeration) 75 34 Bz $ (R 5 B o

(DER" 5758 2R st B 8% | (S52-Glass Sedgewick Rafter Counting
Chamber) -

(2)f5 4 77 7% 10200F -

(3) LLIE K EC B (Lugol’s solution) & & (&R BEFE 5 1%)

(4 KB E RS 1mL fy Sedgwick-Rafter 18 -

(5)5# & 15~30 974 -

(6)F ¥ =0 2 B 5 2 97 8 i % 2 x 400 (Y JBUR 5 28 -

(NEHESE mL /KB T 4HAE%E > B ¢ cell/mL=Cx1000mm3/(50xN) -
5B FOLE TSR B B IR

(1)@‘“2%‘“ DY EE R SRR~ RS - fREE - CPERDE - TR - T
 BERIEEE T MEANSR B EORITE T HERE K HIME
J:Z‘F“}HZ ° BB T REURBUEETOUCREEME T 22RO T IR R
F—HE ~ B-FAE AR - B SEE RS
& ~ 5B =54 -
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(kT - B A~ ZEEE R - BEE - fiBEFE S EE
paibiid i Ve S LS IR Yo a s %%J:Z‘%’f%‘( =R @/,ﬂe fE
WA FATE RN EA T RF A% — S
S ~ %550 ~ 5 A E R =S EDR -
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(Q)FHEEFT « /4 A HERIMNE R R AR 2 R AR BT 87
DS U= NG



(O EEFT I 4ERY R INEL R Rl > AR s 2 1R SO B BRI R B
BATE R -

N~ B/BR - RBERDHTA(FPA)
(—)¥ECREH : Hands-on training: Flavor Profile Analysis (FPA)
(Z)EEEAN - B R E =
(Z)HEENE © (FCEREE AR \)
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BRI B R A A (FPA) R ER K IR © FPA 22— T IRVE , ot 7
% RS B dn ~ B0 R H B R 14 7 G (consumer goods) 2 R 7E
J2 R (taste and odor) - % 75 HHFI|S0A Z VRS A\ B 3EVE 43 AT T
AETTEHE - T E A R T T e KT EE ) R
TEZKE 3 - FPA JR] F A Al R /K BB R 7K 2 Bk 28 R Ak - DA
MR K E s -

2.FPA BV ER © FPA By H I B2 728 dn B\ R HY 58 BEH 410 - R 5 sl BT
A BEE A R R - MR S AR IR 50 R J T HR 1 > BRI
KLU ABER

(D2 - BEESEAHE A& - M2 Rk 3 #2528 H
Sl 4R

(2)aleRPE B - S aFHE BAETTIIOR - DUE AL REF Bl R 2icRs 2 38
T H JE\ R AL

()P PEEL 5V BB RP M  in  TECek N EPRRHEU AR IE Z 5
fE o

(4)5TambeE B - SV N BT ST 5m - T 2 oA JRl ke el 2

(O) i PE L © m B R AX i - W P o B A3 LR i 200 R A LR R A2
B’J?@F&f&ﬁ

3.EEINGR R « (fEHIEAE T 2170)
(D¥IIEETEE « (/b SR 75 537 BE 1 A i 2)
()2 G WA FEAY SRR AR o (BUKEBETTHIISH)
(3) BB L il {4
(4) 5Lk PRI -
(5) R TR 4R
(6)E I Rk iR R -
(7)E2 B PhaB AR TR S 2 A -
A. EEKEERE G S Ry 3 R [EAY 2-MIB ELRGRE -
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B. iZ LA AT - FEEAE 500mL FPA i d 45 A 200mL 7
W W NZEAZE RR G 45 FE4ETE 15 4968 » WG AE T IR R HI 34 A -
THREE -

7V, TS ] ‘
21 £ S 1
;1 WATER QUALITY IMPRC VEMENT
r FOR DRINKING WATER

2 B I ¢

B O~ MHF FPA BERIIRERESH
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B BT RSEHI/KEEKAE

8 A 8 HAWS&HE K » g TIHEMZHNTE > TEESHH
FATI7K TR 7K 2 5] PDAM(JE £ Surya Sembada) fz #5787 7K i P g
Ngagel - JU/K#h & 2 G K BEFEGA TS 19 HE4L AR AV B RIS - | v) > 72
PR SR 7K T2 SR p A B R R > (R A Rl R S i TRV PR S B g
&+ 453 AR - PDAM EZ BIE A E R ILF 1970 £ » RN BN 3
T TEEFRLENEHETEAK  BERA - TERA LR
HIERAZK - % PDAM FEEAHUNES » Kol /K& (B K R
iy Gerbangkertosusila #5 & &)AY E A& 2 AL 78 2 B2 2aa K - HEH
T LA B A B EE - BRI E L KR -

HAii PDAM 7AWU7/K 2 i 7K ke 22 222 98% ik /K& 47 £ 7% 6000 X 5 »
R Ry M A B A KR o HA A AR A B /K 2 SR /K 2 B2k B )1 RO
A SRTAE KRR 97% - EIJE A 2= i 2= /K (surface water) & » 74
RN FEAERTAE > 75K N /KERS B K - (E50) 5 52 5 E0E5
K~ TEEREK R H T E RS BN 54 BEUFRKKERBAL - TF KA
0 e EEEIKE A ST BRIEIHE - i1 EE M REEERIZT > K
BEALIR > KE IR EC A R TIKEE K & 7R T 2 550 & 17
FHAR » BUKRESANFHAETEHKE 300 AFEIE » EEHTEELH 5
ELFEAEZRE R N BRTER K E S - 50%C 8 25 4
AEAIRE - BB &R ST By 1 8¢ 2 JLI5F (K 25.8mm = 50mm) » £ fi)5 0w 2
H AT EEKEE K « HIL - BRSSP lrE R 5 Bl R i = 3K s 2
MR AR A K E TR 22 IR - St > IS T e Ar 4 = 2o B IR B sk o K
B R B AOK A B BB ORES) ) DUER I Z & I ERSE T E -

PDAM 1 Ik %5 i [ i i SR TV 8 o 4 {877 B0 - 9 1) A W 7K (Surabaya) ~
= & (Pasuruan) ~ fA] & % (Sidoarjo Regency) &% #% £8 P4 vC &% B [& (Gresik
Regency) - Hpj > PDAM {EWU/Kz%A 6 M/KEBEM (5 & Karangpilang &
Ngagel Wi » % E15E 3 B » 3 6 /KR ELR) - Ky 98%HY F /K P2 (AR 75 -
8 H 8 HERIZHTIEEEFAE LA EEST - EIRZRIEAR K
M JALAN PROFESOR DOKTOR MOESTOPO FJ PDAM Surya Sembada Kota
Surabaya ¥/~ KA 813 ) F]H E R Arief Wisnu Cahyono &HE - Z8{& Hi 1
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HPAT Ngage 45 7Kg 2 R bR SE/KER » 1fTE KT RI T B 45 e Th R BB SE ]
BAETTKE AT » UM ESR I E K EF 2 g k28I -

— - Bl PDAM EEE Wisnu GEEEH

PDAM #E F & Wisnu Lo » WU/KAE Ry Bl e Y B8 b S BTN &
HYEERE ~ 5 oLy - AER AR S BRI - s
315 EE R » 40 _FH Y Gerbangkertosusila & & » A [144%0E
FI] 1000 & - T/KHIES MR AEEL By 384 (BETT » T RRL L 6%
RGBT EREREE - TEXE - HIEE  REERBUCESRH
S8 o MUK AL AR B B AR I - 3% RS 2018 AR RIfE R E RN
B & A B — R PR PR A 2 f38 52 (microplastic) — FE % £
FRAFA o BRAM » RN T ZEAK - B EE > AR ADREE
FRFR S FHR TS TSI A

WA BR 85 B 5 T ARG T AR RS it - MME A S R 2 e 5
VIEH 24 INE (L& B 2 BR335SR - DADT 1 AR EK R B
2 BEEYE B AR < TU/KALTE Y Kalimas Ja]_F (Fs A7 38 HiTR S205)
WAHRAZFNR BB FEREERI - (Ot K E E i - Ff
A EIE E TR I (PR AR &S S R B SOA R o] 2 R IK) - F2E
HUKIGA 2 B MEE i o T/KPE R— 5 a kT - BECE IR EHEA K
F VAL RI AR R SE B AR AR RE 2% - P ORI R AR R /KRl -
ZERERER REEEEZE T B HRE LT I
KA Z BRI < AN - HEEIREESART - JTUEE I [ PR 2R 6
H] A S 4E A > THETE] 2100 fEFEFR £ KR 15% 0 B KETRS AR 2
HYR BT K -

7K IE R B B 2 /K& JRE HHRER - dit S e AR i O 2 LA
REEL H A AL DURIS /K R /K 2 B Rl i #FoK
ER M EERE S EZ N BHERFEE: > B /KERTREN A KE
REKZ2EREERE - SHRRBEE(CATE  in X RmEF - 2
KER IR a ety SR E K EREHEKZERE] - 5
£ Wisnu F2R » Fy[R IEAERAPLER > /KT BURF K PDAM D ZEEREL— %
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FITEIE - BRI /KE fabe FOF K BRIl ~ 1 /KB THE R ~ o
ZREREH ~ e /KERAHRSER ~ BB H/KEE KRS LR E K
HIRIRE Z BT - AR - BN 2O B & - 8238 Je K
BIREH K - TR IR KE R AR @A R E RS -

FEELENENY 7K PDAM TTIE A BT AVIETRE o - Fe Mg s &
RO K KO T i 2 — SL PR B - B R R KGO8 ~ & b~ B
SRR S - B - ABE T E - FREERZE » KH
EERARS TOONTU » RIRE] F PHEEE EH UL - S5
ot ] RE B E SR Y M B R~ SRR RG B R s AR R i R
TREAR - B JTE - TKALRENERNEE F > EHEAKUDEE)
FRES » K ROE R E AR E S - SRV EREEIOKHEY)
Bagme o I HRTIKAIR NI - 2F R ERRE BRE -
ARK RS E EEWR R T & ERYIERES S (nonpoint source) [H -
TEENE » Frnl el /K ERAVIIE » J57K N 7KE 505 /K B B a5 i~ 78
2 R no M & B R /K S « R GR Z SE B AR R4 0 PSR E
W8 BT B LEM » BE R AR VST K B RE R B R pe A o
HREZUKFE -~ WPREVRS -

FytihBh PDAM 48 T /KK E IS RIS | ke " R FE BRI 5 LA
PRI FE AR R DR S TR K 8 » MR E B ARG L T BULL /K E K
KEMEETRE ) B - A Wisnu B35 E /1487 B PR 4= 1) 5 5 K FE
2% (Moving Bed Biofilm Reactor » MBBR)#% ffit » 3f7 58 58 . F Fe B0 5 £
% HOHUSEF 2 BioNET AEWVHER - AN Sg A\ 5 AIZE 8K
il < PRI SRS Bl PR A G2 2 ., - (5 PDAM SRBHAR A 5] 2 AH B 4%
§p - HERHAANB B GER - DE RN E B0% - i
7 PDAM - fHEH 2 ~ FOGERBHANA RS T

()RR -
LU N KHYZKE AL

(LKIEKEEME R AR - #th TKNE 285 ~ 88 > 8~ sk T
FHRYE > HPE - R K P e EACR > B R Z T
K~ K ZRiamERE - B - i O RS -

i
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(2)KNEKE B B A RE > H T KNS &85 - 8 - 8~ ST
FWEYVE - HPE - A KPaEAR > BT RR B ZH T
K~ IRFUKZ RIBRERGE - BT - S RO RS -

R)KIEKE B B o A RE > H T KINE &85 - 88 - 3~ ST
FWEYVE - KPR R /K P aEAOR > BT R ZH T
K~ IRFUKZ RIBRERGE - T - SO RS -

27KEGH - M EREHNEL R

(/KB EMEASERS - SRR - a8 > AN 53R
{EAR] /K ] ST R 28 2 R M

(QyKERH © FHEL ~ BIERIUE - R T 7K HY 8 6
S o B R AR AR AT R SR T K T B R B AR A FTUE Y
DU -

@)EtEiRETE - A LA ERE R E BT

@FEAEHE - SRR FAERA AN A > EmEE S
R EPREVEEAE - AIEBIRNINEHE - W2 REERTER -

(5) e bk TRHE - fE /KRB AL U7 1 - B/ D& A 8 R S A L T 7K ©

(6)/KHE B + e I 4ERE s B BRI a] DUk 380K St P T Y B
JE BRHETT 5 58 B 418 ] AR OR /K HE Y B AERUBE

(MAFBHE -« [AEREMERKE R EREE - IR BV
SHEE S EM TKEIER -

3UKEET L ~ SEAPRITA ¢

(DIFSRA - FIHZER TSR IIKAUE S - REE ~ T2
At - DR SRUA R PREEET I - KieZ pH 20T &1 6.5 i
BETZERY pH KN 9 ZIRIF T A RESRL - DIECRELE - HBk
THF - EUH AR TROKAUR A fe& pH EZ 10 BLE
{50 880 B S e 1 W SRR R L > TR DU T AR -

(#EEmELE - a8~ it TR AKE 8 DU PSR 0 F A
BV Rl R Z IEIRES > JKEg T 28 ~ SRt TSR LI xS
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1.Water Quality Changes in Drought-Resistant Groundwater

(1)The quality of water sources is influenced by geological
components. Groundwater, rich in minerals such as calcium,
magnesium, iron, and manganese ions, particularly iron and
manganese as sources of coloration in water, contributes to elevated

levels of total dissolved solids, total hardness, iron, manganese, and
45



coloration when utilizing groundwater and subsurface flow water

during drought conditions.

(2)The quality of water sources is linked to geological compositions.
Groundwater, due to its mineral-rich nature containing ions like
calcium, magnesium, iron, and manganese, with iron and
manganese contributing to water coloration, results in increased
concentrations of total dissolved solids, total hardness, iron,

manganese, and coloration during drought periods.

(3)The quality of water sources is associated with geological
constituents. Groundwater's mineral content, encompassing
calcium, magnesium, iron, and manganese ions, where iron and
manganese act as coloration sources, leads to elevated levels of
total dissolved solids, total hardness, iron, manganese, and
coloration in groundwater and subsurface flow water during

drought-resistant utilization.

2.Strategies for Addressing Elevated Iron and Manganese Levels in

Water Bodies

(1)Water Quality Monitoring and Assessment: Regularly monitoring
the levels of iron and manganese in the water helps to promptly

identify any water quality issues and take appropriate measures.

(2)Water Treatment: Utilizing oxidation, filtration, and precipitation
to reduce the levels of iron and manganese in groundwater. These
treatment processes can remove or convert iron and manganese into

insoluble precipitates.

(3)Activated Carbon Filtration: Effective in removing metal ions such

as iron and manganese.

(4)Oxidation Treatment: Oxidation involves converting iron and
manganese into insoluble forms, making them easier to remove.
This can be achieved by adding oxidizing agents like air or chlorine.

(5)Site Selection Strategy: In water source selection, opting for
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underground water sources with lower iron and manganese content.

(6)Well Management: Regular maintenance and management of wells
can reduce the risk of iron and manganese accumulation. Periodic

cleaning and repairs ensure the operational efficiency of wells.

(7)Public Education: Providing residents with education on water
quality and usage to help reduce the use of groundwater with high

iron and manganese content.
3.Methods for Iron and Manganese Removal in Water Bodies

(1)Aeration Method: The aeration method involves introducing
oxygen from the air into the water to enhance dissolved oxygen
levels, promoting the oxidation of iron and manganese ions. For the
removal of iron ions through aeration, the pH of the water must be
maintained above 6.5, while manganese ions require a pH greater
than 9 for oxidation. Oxygenation using air will consume alkalinity,
which can be countered by adding lime to elevate the pH to 10 or
above. This facilitates the oxidation of iron and manganese ions by
oxygen, leading to the formation of precipitates that can be

subsequently removed.

(2)Contact Oxidation Method: The contact oxidation method employs
filtration beds with manganese oxide materials, such as manganese
sand or manganese zeolite, for groundwater containing iron and
manganese. As water passes through these beds, iron and
manganese ions undergo oxidation and are filtered out. Manganese
sand, derived from green sand or synthetic zeolite, is treated with
manganese  sulfate, manganese chloride, or potassium

permanganate solutions to create effective filtration media.

(3)Chlorine Oxidation Method: Prior to chlorination, oxidation,
coagulation, sedimentation, and sand filtration are commonly used
methods for iron and manganese removal. In theory, the oxidation

of 1 mg/L of ferrous iron requires 0.64 mg/L of chlorine gas, and
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the oxidation of 1 mg/L of divalent manganese ions requires 1.29

mg/L of chlorine gas.

(4)Addition of Strong Oxidants such as Potassium Permanganate:
Potassium permanganate is effective in oxidizing iron and
manganese in water with a pH of 5.5 or higher. The reaction rate
increases with higher pH levels. While more expensive than
chlorine, potassium permanganate can be used specifically for
treating manganese ions, while iron and other reducible substances
are often oxidized using chlorine gas. However, when residual
potassium permanganate in water reaches 0.05 mg/L, a faint pink

color may appear.

(5)Ozonation Method: Ozonation rapidly oxidizes iron and manganese
in water. However, the equipment required for ozone generation is
complex and costly, making it less common for standalone iron and
manganese removal. Excessive o0zone levels can generate

permanganate ions, resulting in a pink color in the water.

(6)Solid-Liquid Separation in Conventional Treatment Processes:
After aeration and chlorine oxidation, the water undergoes solid-
liquid separation through a rapid sand filter containing manganese
sand. Manganese sand, with surface-bonded manganese dioxide, is
characterized by its purplish-black appearance and particle size
ranging from 0.3 to 0.35 mm. Prior to use, manganese sand is pre-
soaked in potassium permanganate or sodium hypochlorite solution.
Oxidation of manganese ions (Mn2+) on the surface of manganese
sand to solid-state manganese dioxide is achieved using strong
oxidants. Manganese sand also possesses oxidation and reduction

capabilities.

(7)Membrane Treatment Technology: As iron and manganese ions are
prevalent in groundwater, conventional methods often involve
oxidizing them into particulate matter before employing

membrane-based approaches for removal. For instance, Ellis et al.
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(2000) utilized air aeration in conjunction with potassium
permanganate oxidation to treat iron and manganese ions in
groundwater, followed by microfiltration (MF) for further

processing.
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2 b LT o R ; [ H
3 . - Laboratory Calibration Curve FPA and MIB : AR BATRED HATRD) BRFHRG) :
£ P % - B Feng-Shen WTP | 3 H i H
by o Gun-Shi WIFP A (ppt) 108.1 2326 60.7 165.9
[ S . i o o w3 -
A — PSR SNl ) IS B
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Cyanobacteria, Toxins and T&0O Compounds in Taiwan’s Source Water
” r
Wilokm . EEAE
& WU e
R SN EF wgf;""'
S & xmrm
Ea CTY 28 3 - & ok
" O Birw
i i
B0 wea
%i .B- (=i m
® aFkE
& WokE
UKD @ FifkE
'-’\mm. ; Cyanotoxns
2 sxmn oo Ly &
kAR Potential T&O Cmpds
Ot OULOLOM@H
 I— Growth Potential (P)
e Cyanotoxin History (C)
T&O Compound History (T) & NCKU : B
O y42100
Geosmin and 2-MIB Z4%%  CyanoGM Explorer

https://cyanogmexp.researchvismap.ncku.edu.tw/

Both Geosmin

and 2-MIB ¢ Q.. QQ

Only Geosmin

Q

'“3@ W ¢
s 4 88

Researchers can update the database with new geosmin/2-MIB events (s #>6.15 %)

g 6
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Monitoring and Treatment of Cyanobacteria and Metabolites
in Drinking Water Sources and Plants

Applications in Reservoirs

+Monitoring Technologies - | -
oManagement of Source Waters
H,0, Addition

Point of Concern
* Water intake
* Recreation arca

Upstream

—)

Downstream

-

Hocl CIO” KM"M * Distance
*"- —
Coagulation Sedimentation Chlorination Distribution System i
Floculation Filtration Finished Water & NCKU I

Conventional Water Treatment Processes

Oxidant
(ee——

Souce
Water

Coagulatlon

FIocuIatlon Sedimentation Filtration
. -

¢ Finished ¢ _
Water

Chlorination

Distribution System f
& NCKU

i 7
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100 —— T T T 1
o Raw Water
o After Sedimentation
W After Filtration
O Finished Water
60
2-MIB
ng/L “° o
Conventional
20
Processes
0 L !
KT CCL
12 T T Tt
= Raw Water
10 After Sedimentation
N B After Filtration
8 O Finished Water
. 6
Geosmin
ng/L 4
2 e LA
0 Ht : @NCKU . i~ -

Oxidation of Cyanobacteria
and Metabolites

7z

@NCKU . & — |

16
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\’HOCI, clo,, kMno4  Conventional Water Treatment Processes

b Al

Coagulation . Sedimentation Chlorination Distribution System
Floculation Filtration Finished Water

HOCI R,

3% P Eoie] Jowsmal of Water Supply: Research and Technology—AGUA | 58,3 | 2009

Effect of chlorination on the cell integrity of two noxious
cyanobacteria and their releases of odorants

Tsair-Fuh Lin, De-Wei Chang, Shao-Kai Lien, Yun-Shen Tseng, Yi-Ting Chiu
and Yi-Shen Wang

SEM Microphotos of Anabaena (Before Oxidation)

i .
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SEM Microphotos of Anabaena
(ChIorlnatlon @ 1mg/L and 1 min)

dc
Rate Constants for Models =-kCC,,
[ onmoo] [ommimoete
MCLR Microcystis
aeruginosa
J[elell 332:10-968  6708; 70-1100f
3573 67.75; 10-44k
408

* Chlorine: ko >> kycs
More chlorine dose is needed to destruct the released MC
* Permanganate: k. < kyc
MC will be destructed faster than the released rate.

@NCKU . |

RRAE

2023/8/7
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3-}1"_&
e
.f"
. oV mserVOIr
e 3 Q TY reservoir .
BRI )
T T EEtr= !
43 “‘4_;;%@ Wi g | | :M'\ :-fe'i!
- i g ""'w*‘#. E iR w@ns N |
;:\,gt o % ’?}‘t £ 7 - .
g’l .
R
gj :ﬁ-—.IQI-EJ- . 2
S k)
g . 21
. i '\_.. =T
e Q TY Reservmr
Total MCs (ug/L) ND ] '
ELISA Toatl CYN (ug/L)  ND ND ND
Total Saxitoxin (pg/L) ND ND ND
MCY Gene (cells/mL) 1.4X10! ND ND
Total MC Gene (cells/mL) 3.5X 10! ND ND|
PCR Geosmin Gene (cells/mL) ND ND ND
4 CYN Gene (cellssmL) ND  ND  ND
e Total CYN (cellymL)_____N ND_ ____] ND_____ ND
i 2-MIBgene (copies/mL) 1.2X10* 6.8 X10° 6.6 10*
:GC-MS 2-MIB Conc. (ng/L)  543.3 1599 1868.6. OTC =10 ng/L
E Extracellular 2-MIB (ng/L) 97.9 30.0 925.1 2
PRIE— 11
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Raw Water ¥ 2 m Raw Water Prechloriantion Coagulation
Total 2-MIB (ng/L) 2402 2642 2232
Dissolved 2-MIB (ng/L) 42.2 242.2 157.7
2-MIB gene (copies/mL)  7.0X10° 4.1%10° =
| 5 D
1 Soy Bean Milk Finished Water E Sand Filter aimenarm
i 324.8 2513 | 279.2 258.7
i = 246.1 | 278.8 2517 L
i OTC =10 ng/L i 23
Situation
 Raw Water: 80% 2-MIB were
500 :
M Intracellular intracellular ) )
w0 | L Extracellular ||+ After Pre-chlorination: All release
_ into water
o) . .
2300 | 1|+ Finished Water >200 ng/L (20X 10
% ng/L)
£ 200 1| Suggestions
o . .
100 ||* DO NOT Use Pre-Chlorination +
Enhanced Coagulation (reduced to
0 w w w | | ~ 50 ng/L)
Raw Pre-chlorination After Sedi Finished| 4 e ) .
Water After Coag.  Filtrated Water PAC (ContaCt time: )’ GAC;
Change of source water
@NCKU . ;- .
FRIE 12
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Powdered Activated Carbon (PAC)

+Homogeneous Surface Diffusion Model (HSDM)
o0(r,t) 1 8 (rz 5 6Q(r,t)j

ot r? or or

1.C.Q(r,t=0)=0
B.C.

00(r=0.1) _
or -

Surface diffusion, D

‘Q(” = R,t)::KFc(r _ R,t)l/n

Input parameters: D, K, 1/n

PAC Models- Fitting and Prediction

WPH in FS Water TAC in FS Water
PAC Dose PAC Dose — HSDMfi
4 ® 20mgL _ E?gm g:ediminn ! “(a) : f?“ﬂ ....... PN redtion
A 15mg/L n
oo fw T G oofa T G
e

s e e
A R
T Ll | |

St g _ISmglL
i A

20mg/L
Liiid

LU T N T S N | [ I T PR N B, Ui LS|
1 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
1/n=0.5 Time(min) Time(min)

08

WPH in CCL Water
Input parameters: D, K, 1/n
Need 1 kinetic exp. +

3 Equil. Exp.

02 Tt oomen

R E— e
o , , , , , , , ; ﬁ NCKU
0 50 100 150 200 250 300 350 400 -
Time(min)

e 13
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Model Prediction for Jar Tests
1 B ]
40 Nl O Prediction ]
120 [ O Data ]
S C ]
€ 100 [ E
o C ]
o . .
® 80 [ 7
e f ]
g 60 - TAC
o 4l 20me/L.-
2 C ]
20 :_ -
O 5 N
= IT
g
'(;: Error < 15% (mostly<7%) ——— @NCKU ' |

Treatment Train in FS Water Treatment Plant

PAC Rapid Mixing Post chlorination
15 min 1 min 21 min 1.24h
-
Water Intake Coagulation Sedimentation Filtration Clear Basin
Samjplving Samplifg' Samlplving Samlplving
Pointe A Point B Point C Point D

@NCKU -

RRAE

14
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Field Results

I': I ] 1 | | I I
1 [] Field Experiment |
<3 E& TJar Test
_‘_::. 0.8 H (O Model Prediction
a2
g 06H N
5
oe 1
2 04H e
b
cl ) o
0.2 | R
0 meead | Xkl | el
o Before After After
N Wt Rapid Mixing Sedimentation
Processes
Yu et al. (2016) Chemosphere _:2%

&NCKU |

Take Home Messages

+Know your Source Water and Treatment Processes
+ What are the responsible sources (T&O and Toxin
Producers)?
+ Are the current processes working?
+Usually long-term data are needed.
+Develop appropriate techniques to identify/quantify/model
the cyanobacteria, chemicals, and processes
+Conduct Pilot Studies for New Processes
+Obtain the design parameters for full scale plants

+Know the potential issues/locations Sz
QNCKU.J”

R 15
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The 9th IWA-ASPIRE Conference &
Exhibition 2023 1WA @%SE’JRE

the international

+October 22-26, 2023 water association
+Kaohsiung, the largest harbor city of Taiwan
+https://www.iwaaspire2023.org

Thank you!
Questions?

4 - " e o 1 AT
/NSTC mxnanuhERg A0 1o i3 L F)

& At —

EiTREN - Rt

e 16
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The role of aeration and pre- ik
chlorination prior to coagulation- ==
flocculation process inwater  §&
treatment: A laboratory and field ¥
research in Indonesia |

Bagastyo AY., Nurhayati E., Manah SPH., Iswari AAWR.,
Yulikasari A,, Warmadewanthi IDAA,, Lin TF.

Outline

¢ Introduction

¢ Method
“ Result

o .
Conclusion

BT 1
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Introduction

Laboratory Method

- Raw water = Surabaya River, at Karang
Pilang WTP intake.
Characteristic of raw water Karang Pilang WTP

Parameters Unit Raw Water
DO mg/L 4.30 £ 0.071
BOD mg/L 4.07 £ 0.490
COD mg/L 36.32 + 3.263
Nitrate mg/L 0.005 + 0.002
Nitrite mg/L 0.105 + 0.036
Ammonium mg/L 0.009 £ 0.005
Turbidity NTU 138.25 £ 8.949
TSS mg/L 226.25 + 62.065

BT 2
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Batch Test of Aeration

1. Aeration Process
Sample aerated for 25 min,
50 min, and 70 min.

\ =

2. Prechlorination Process

35 mg/L of chlorine hypochlorite
was added to the sample and
aerated for 25 min, 50 min, and 70
min (flow rate of 0.72 L/sec).

eesse=

s

e s

3. Simulation of Coagulation-
Flocculation

Jar test apparatus.

5-30 mg/L of polyaluminum chloride (PAC) >
injected into 1L of water

No pH adjustment before or during the
experiments.

Supernatants - withdrawn & filtered, and
teste for BOD, COD, TSS, turbidity, and
nitrogen concentration.

LABORATORY RESEARCH

(Ammonium Analysis)

(Jar Test) (BOD Analysis)

(TSS analysis)

Documentation

(Nitrate and Nitrite
Analysis)

(COD analysis)

AR
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Field Methods

Location of Intake of Belusung WTPs

" INTAKE BELUSUNG WTP

LOCATION OF

Scale

@ 1:8,506
: =

Notes;

A. Intake Belusung WTP of Denpasar Municipal Waterworks
{8°36'03.0"S and 115™13'26.8°E)

B. Intake Belusung WTP of Badung Municipal Waterworks
(8°35'56.3°5 and 115"13'25.8°E)

(b)

Field Methods

Characteristic of raw water at the intake of Belusung WTPS

Parameters Unit Raw Water WTP of Raw Water WTP of
Denpasar Municipal Badung Municipal
Waterworks Waterworks
DO mg/L 6.75+0.87 8.20 £ 0.53
BOD mg/L 2.7+0.48 217 £0.99
COD mg/L 6.25+ 1.26 5.50 + 1.91
Nitrate mg/L 510+ 2.28 1.05+1.12
Nitrite mg/L 1.05+1.00 1.12+£1.53
Ammonium mg/L 0.10 £ 0.03 0.10 £ 0.07
Turbidity NTU 88.73 £ 90.71 59.30 £ 59.61
TSS mg/L 146.25 £ 157.30 99.00 £ 98.69

iy g0 —

AT
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Belusung WTP of Denpasar Municipal Waterworks

(Cascade Aerator)

(Sedimentation unit)

(Filtration unit)

Field Methods
a) Prechoraton e
a. Belusung WTP of —\ Cascade Aerator
Denpasarlllllunlt:lpal ‘ Sedimentation Filtration ~ Reservoir
Waterworks . Screening . _ | A4 AS | AB
\ Primary Sedimentation A2y L — 1t
0% |
| A1 —I
\ t Open .'I
[ channel 7
\ \ | |
\ L L \ J h—
b. Belusung WTP of b) Multiple platform aerator
Badung Municipal —
- ot
Waterworks E}ﬁdwm Sedimentation Fillration ~ Reservair
[oe L 1%
Sereening | I |
\ \ .'-.\ ._.'
\ ¥ \
\
Documentation

(Reservoir unit)

R
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Documentation

Belusung WTP of Badung Municipal Waterworks

(Sedimentation unit) (Filtration unit) (Chlorine Tank) (Reservoir unit)

Result (1): Laboratory Research

1% ® Highest increase of DO after
e RO 70 min > 77% (with aeration
alone) & 83% (with aeration &

pre-chlorination)

® Average, DO after 50 & 70 min
- 40 & 60% higher compared
to 25 min of aeration time.

® DO after aeration & pre-
chlorination > 8-38% higher
compared to the aeration
alone

40 A

DO enhancement (%)

25 50 70

Time of aeration (min)

BT 6



BRKKENESMNEEHER

Removal percentage (%)

100

80

60

40 4

20

BOD coD Ammonium  Turbidity TSS
Pollutant

Result (1): Laboratory Research

Pollutant removal in non-aerated & non-prechlorinated water

e Atleast 70 mg/L of PAC
- needed to obtain the
optimum removal

BOD: 34%

COD: 29%

Ammonium: 8%
TSS:63%

BOD remaval (%)

W Aecation
I Aeration + prechlorination
40 4

w
o
L

]
@
L

a
L

D 4
5 10 15 20 25 30
Coagulant dose (mg/L)

COD removal (%)

B0 4

40 4

Result (1): Laboratory Research

W Acration

B Asration + prechlorination

5

BOD & COD removal after the coagulation process

10

15 20 25 a0
Coagulant dose (mg/L)

Standalone aerated - 25 mg/L PAC could increase> BOD 35% & COD

31%.

Aerated + pre-chlorinated-> BOD 41% & COD 57%
Smaller coagulant dosage could obtain a much higher color & turbidity

removal than in non-aerated water.

R

2023/8/7
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Result (1): Laboratory Research

i S e After aeration+
prechlorination:

100 4 [ Aeration + prechlorination + PAC 25 mgiL

s
g‘ 80
- BOD removal- slightly
§ improve from 2% to 7%
5 . COD removal=> >55%

2 TSS removal=> from 75% to

il 84%

BOD coD Ammonium Turbidity Tss Lo i
e Turbidity removal-> slight

reduction (2-4%)

Result (1): Laboratory Research

® Highest ammonium

0.14 - mEEE PAC 70 mgiL

i o R removal (44%) - aeration
process

e After pre-chlorination >
down by 18%

® Aeration promotes the
nitrification process 2>
ammonium into nitrate &

Ammonium Nitrite Mitrate n I t r I t e
Pollutant

0.12 4

0.10

0.08

0.06

Concentration {ma/L)

0.04

0.02 4

0.00 -

ONH Y 430 = 2NOy; +4H* +2H,0
2NQOy + Oy — 2NO;

INQy™ +Cly + 8HT = Ny +4H,0 + 201

BT 8
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ANOVA test

Table 3. Two-way ANOVA after the aeration process.

Parameter p-value

BOD coD Ammonium  Turbidity TSS
Aeration time 0.03101 6.05%107%  0.00244 1.26x10°  0.00078
Coagulant dosage  1.68x1072  162x107  163x10°5 0.02237 8.23x10°8

Ho rejected (p<0.05).

Table 4. Two-way ANOVA after aeration+ pre-chlorination processes.

Parameter p-value

BOD coD Ammonium Turbidity  TSS
Aeration time 0.00077 0.00399 0.04733 0.00389 0.00547
Coagulant dosage 314x107  1.14x107°  1.33%10°1 8§71=1075  0.00018

Ho rejected (p<0.05].

® HO= the addition of

® Hi= the addition of

aeration time &
coagulant dosage
has no significant
effect on removing
pollutants

time &
dosage

aeration
coagulant
significantly
affects the removal
of pollutants

Result (2): Field Researc

——&—— Daily
Average monthly
Average weekly

WTP of Badung Municipal

a) 2 p) 5

400 |

g g 300 -

§ %m.

E E
100 4

u2x‘telsal1|01|21'41'e1'32'02'22142|32;333 oédé
Day
WTP of Denpasar Municipal
Waterworks Waterworks

B 10 12 14 168 18 20 22 24 26 28 30
Day

AR
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Result (2): Field Research

WTP of Denpasar Municipal Waterworks

Removal percentage (%)

Intake (A1) Pre- Aeration + Sedimenta Filtration Reservoir
sedimentatio Pre- tion (A5) (AB)
n chlorination (A4)
(A2) +
Coagulatio
n (A3)

BOD 0.0 4.2 28.1 67.1 76.2 85.0
CcoD 0.0 4.0 24.0 60.0 68.0 84.0
Ammoni 0.0 7.7 59.0 56.4 35.9 71.8
um
Turbidity 0.0 0.0 44.0 93.4 95.7 99.2
TSS 0.0 16.2 49.4 94.7 95.0 99.0

Result (2): Field Research

WTP of Badung Municipal Waterworks

Removal percentage (%)

Intake Aeration +  Flocculation Sedimentation  Filtration Reservoir

(B1) Coagulation (B3) (B4) (BS) (B6)

(B2)
BOD 0.0 8.6 18.0 71.8 83.0 83.5
COD 0.0 0.0 18.2 68.2 81.8 81.8
Ammonium 0.0 15.0 27.5 20.0 30.0 47.5
Turbidity 0.0 0.0 0.0 95.5 98.3 98.6
TSS 0.0 0.0 3.8 94.9 98.0 98.2

AR

2023/8/7
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Result (2): Field Research
—e— Denpasar WTP e ® Aeration> enhanced
—-#— Badung WTP 2: Pre-sedimentation
— : x::fa;l;ﬁ-chlorlnaﬂon+Coagn|allon the DO by 46%
3 = o Feenr (Denpasar WTP) & 16%
. '
5 . & % (Badung WTP)
E 2 \ ,ﬁ .
§ oo v \ iin ® DO enhancementsin
S 751 \ \/n’ the Depansar WTP >
8 Y . duetothe pre-
6.5 \\. 3:Flocoulation . .
- ' o chlorination process
55 I : : : I . HE!ENDI:
1 2 3 4 5 6
Treatment Unit
Result (2): Field Research
® Removal percentage of
E Denpasar
oo et - - pollutants in the final
g 2 effluent
o 80 |
g ® Similar removal on Denpasar
§ o & Badung WTP - BOD, COD,
g ol turbidity, TSS
: ® Higher ammonium removal (>
1 24%)-> Denpasar WTP
° BOD coD Ammaonium Turbidity 155
Pollutant

Pre-chlorination added to its breakpoint level has been proven
effective in converting enough ammonium into nitrogen gas.

R

2023/8/7
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Chemical Requirements

Belusung WTP of Denpasar Although Badung
Municipal Waterworks WTP has better
Flow rate = 500 L/s raw water quality,
Chemical needs each month : these result

« chlorine gas = 0.0019 kg/m3 showed that

* PAC coagulant and AID coagulant =

0.044 kg/m?3 and 0.0025 kg/m® Badung required

62-69% more

- Belusung WTP of Badung chemicals than
a_  Municipal Waterworks Denpasar WTP

Flow rate = 120 L/s

Chemical needs each month:

« chlorine gas = 0.0063 kg/m3

« PAC coagulant = 0.116 kg/m3.

23

Conclusion

The laboratory research demonstrated that aeration
and pre-chlorination systems support organics
oxidation and improve pollutant removal efficiency in
coagulation-flocculation processes.

The DO increase after the aeration and pre-
chlorination process enhances the optimum removal
of pollutants and reduces the coagulant demand.

Field research confirmed these finding with chemical
reduction between 62 and 69%.

=10 —
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TAIWAN WATER CORPORATION

;,Outline

» Introduction
* Organization of water quality system
» Management

*  What we do to ensure water quality-standard/standard
evolution, current data, QC for examination, database
management, etc.

* Drought resilience- Water quality safety monitoring and
application of construction site groundwater

> Research

* Response to climate exchange, what we can do to fight
against the situation

» Performance
*  Water quality compliance rate
Vision

miE= 1
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_ Introduction

* Dept. of water quality organization chart

Dept. of Water
Quality (Director)

 Water Quality
examination section

A

Chemical
Section

Biological
Section

p .
—

_ Chemical section

* What do we examine in water ?

Drinking water source quality standards
Drinking water quality standards

Water treatment plant discharge standards
* Internal control standards
* Internal water quality management regulations
* Current drinking water source quality
* Current drinking water quality
* Current reclaim water and discharge wastewater
quality
Water quality information system : LIMS

2023/8/7
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- Biological section

 Biological examination and monitoring
* Eutrophication Monitoring

Water treatment research section

* Over standards and internal control standards
— solutions

* Water quality information system : ADTS

Mgnagement

* What do we examine in water ?

» Taiwan EPA regulated drinking water source quality
standards current items

» Taiwan EPA regulated drinking water quality standards
current items

» Taiwan EPA unregulated contaminate candidate list (CCL)

-Plasticizer

-Endocrine Disrupting Chemicals

-Volatile Organic Compound

-Geosmin & 2-Methylisoborneol

-Cryptosporidium & Giardia

-Microcystin

2023/8/7
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M/anagement

v Drinking water source quality standards

Coliform Group ggog\?on?l‘lz‘lﬁz‘lz‘; Ez‘llﬁttlle:s MPN/100 mL or CFU/100 mL
NH,-N 1 mg/L
COD 25 mg/L
TOC 4 mg/L
As 0.05 mg/L
Pb 0.05 mg/L
cd 0.01 mg/L
Cr 0.05 mg/L
Hg 0.002 mg/L
0.05 mg/L

4
(ol 4
-~ Management
V Drinking water quality standards (Total items : 68)

Coliform Group (1)Affect healthy substances (2)Probably affect (3)Affect taste and
Total Bacterial Arsenic healthy organoleptic substances
Count Lead substances Iron
B Selenium Fluoride(F-) Manganese
Total Chromium Nitrate-Nitrogen Copper
Cadmium Silver Zinc
Barium Molybdenum Sulfate(SO,>)
Antimony Indium Phenols
Nickel MBAS
Mercury Chloride (CI)
Cyanide(CN") Ammonia-Nitrogen(NH;-
Nitrite-Nitrogen(NO,-N) N)
Disinfection By-Products : Total Hardness as CaCO,
1.Total Trihalomethanes Total Dissolved Solids
_ 2.Haloacetic acids Aluminum (Total Al)
Odor 3.Bromate
- 1 & Chloritc 4) Free residual 5) pH
Ll VOC's.(IS ) (Cl)llorine e
Color Pesticides(13)
Persistent Organic Pollutants
(Dioxin)

2023/8/7



BRAOKESE S g E H g%

N
AR —

anagement

V Water treatment plant discharge standards

0.5

pH 6.0~9.0 ;

® SS : Suspended Solids
M @ COD : Chemical Oxygen Demand

Management

e Internal control standards
> Source drinking water internal control standards
- All items are 80% of regulation standards

> Drinking water internal control standards
- Mostly
* 80% of regulation standards
- Except
* total coliform ( <1MPN/100ml or CFU/100ml )
* filter water and clean water ( 0.5NTU )
* pH value ( <6.1 or >8.4)
* Free Residual Chlorine ( <0.3 or >0.9)
» Reclaim water and discharge wastewater internal control
standards
- Mostly
* 80% of Taiwan EPA regulated discharge standards
- Except
* pH value ( <6.5 or >8.5)

2023/8/7
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ﬁlvater treatment improvement plan for TWC

Drinking water

10

NH,-N

mg/L

et
AR —

TOC mg/L 4.0 3.2 1340 14 1.04
COD mg/L 25 20 1087 17 1.56
Coli. CFU/100mL 20000 16000 1757 2 0.11

NH;-N : Ammonia Nitrogen

TOC : Total Organic Carbon

COD : Chemical Oxygen Demand

Coli. : Coliform Group

Other 6 items are all below the Internal Control Standards
*Internal Control Standards : 80% of Regulation Standards
Period :2022.1.1~2022.12.3

looo®eO0
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F mg/L 0.8 0.64 1227 2 0.16

Al mg/L 0.2 0.16 1701 3 0.18

Cl mg/L 250 200 1264 28 221
NH;-N mg/L 0.1 0.08 1268 2 0.16
THMs mg/L 0.1 0.08 1298 2 0.15
1,2-DCE mg/L 0.005 0.004 1298 2 0.15

KBrO,

® Manganese(Mn) ; Fluoride(F) ; Aluminum(Al) ; Chloride(Cl) : Ammonia Nitrogen(NH;-N) ; Total
Trihalomethanes(THMs) : 1,2-Dichloroethane(1,2-DCE)
@ Period : 2022.1.1~2022.12.31

1046

HAAs mg/L 0.06 0.048 1023 3 0.29
Turbidity NTU 2 0.5 27512 28 0.10
TSS mg/L 500 400 1239 50 4.04
(s g?IaCOQ mg/L 300 240 1324 74 5.59
Cl mg/L 0.2-1.0 0.3-0.9 17048 30 0.18

pH value - 6.0-8.5 6.1-8.4 17066 1 0.01

® Haloacetic Acids(HAAs) ; Total Suspended Solids(TSS) ; Total Hardness(TH) ; Free Residue Chlorine(Cl) ;
Hydrogen Ion Concentration Index(pH value)

@ Other 54 items are all below the Internal Control Standards

® Period : 2022.1.1~2022.12.31

2023/8/7
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__// Management

7
J
4

4
¥V Current reclaim water and discharge wastewater quality

100 80
SS mg/L 50 40 675 0 0
Cl mg/L 0.5 0.4 671 0 0
pH value - 6.0-9.0 <6.5 or >8.5 673 0 0
@® COD : Chemical Oxygen Demand
@ SS : Suspended Solid
® CI: Total Residue Chlorine
@ pH value : Hydrogen Ion Concentration Index
8l ® *Internal Control Standards : 80% of Regulation Standards
® Period : 2022.1.1~2022.12.31
ae 14

Y
~How to ensure data accuracy?

QA/QC from EPA
» Sampling-sampling method

* How to get and store(environment)? How long? What
kind of utensils?

» Sample detecting/examining

* Blank sample(field, trip, equipment/rinse, method),
Quality check sample, spiked sample, duplicate sample

» Checking calculation/verification/consent

*  Method detection limit(MDL), calibration curve,
initial/continuing calibration verification, accuracy &
precision, upper/lower warning limit, upper/lower control

15
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7 wkiemingent | CNLA

enlibration khuratory
weerwditation services

Ohvisme: St sl n =

MAR

¢ Established n 1997

— < Provide managsment .
o oy | el CNAB
olad by axcroiditation
1 Field Classification P 3
Petroleurn and Related Matenals Cc
Textiles and Related Products Pu
Drugs . Chinese Herbal =14

Preparations and Prammaceuticals
Environmentat Protection Bl

IMaching and Equipment (51

16

Testing Laboratory
0000

raining

from all braches.

Hold criticism lessons and training courses to let all
offices discussing problem encountered by inspector

Basic skills of chemical experiments, common items
or emerging pollutants, new instrument, etc.

2023/8/7
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Names

Raw water

Clear water

Reclaim water
and discharge
wastewater

Management

Items

(Over internal control standard
and regulation standard 1%)

Coliform Group

Chemical oxygen demand , COD

Total organic carbon , TOC

Free Residual Chlorine

Nitrate
Lead

Alumi /Dissolvabl

Turbidity

Total Hardness
Total Dissolved Solids

Bromate

Suspended solids , SS

Total remaining chlorine

¢ Over standards and internal control standards—solutions

Solutions

> Look for alternate source waters
> Adjust mixture ratio of existent source waters
> Enhance source waters pollution prevention

> Enhance source waters pollution prevention
»> Enhance coagulation
»> Adjust reservoir intake level

» Adjust chlorine dosage
> Install midway chlorination station

> Look for alternate source waters

Renl i ce pineli
> Rey service pip

»> Change coagulant (ex : FeCl; or polymer)
> Adjust raw water pH
> Enhance coagulation, sedimentation and filtration performance

» Reduce supply water volume ( for high raw water turbidity )

> Install raw water regulation basin, pre-sedi ation basin, and
temporary sludge storage pool ( for high raw water turbidity )

»> Change coagulant (ex : FeCl; or polymer) ( for high or low raw water
turbidity )

> Look for alternate source waters
> Adjust mixture ratio of existent source waters
> Pellet crystal softening

> Stop pre-chlorination before slow sand filter
> Reduce post-chlorination dosage

> Enhance solid and liquid separation performance
» Add polymer

> Adjust chlorine dosage

2L —

AR E

Management

* LIMS (Laboratory Information Management System)
> a software-based laboratory and information management system that offers a
set of key features that support a modern laboratory's operations.

> Open information about QA/QC management and experimental analysis
process : major management contains sample receiving - assignment >
laboratory QA/QC -~ experimental report ~ data statistic ~ staff training...etc.

Faiwan Water Corporation Water Quality Inspection Svstem

Architecture

A Branch Water Quality Inspection Svalem
Architeeiung

2023/8/7
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!~ Management

* Opverall view of Water quality monitoring system

LIMS Data from 13 branch offices
ry Information examination section and
ement System Department of water quality

Data from integrated- Data from monitoring system

cloud online Alarm Data transfer and water quality inspections
monitoring SR from all of water treatment
plants examination section

Water quality data over

internal control Function

standards » When source drinking water, drinking|

water, lake water, reclaim water and
discharge wastewater quality over
internal control standards should take
action immediately via enhance
operation or engineering method.

Water quality alarm
data event report

Take action

Taiwan's water crisis 2021
- challenges and solutions
* Average annual precipitation is 2,500 mm

*  Only 860 mm (34.4%) from 2020.07 to 2021.06
* No typhoon hit Taiwan in 2020 for the first time in 57 years

= Wimm)
2 800!
2800
2400
2200
2.000:
=T "
i | | | 41 i
{ 2‘ Il HH
| \
1,000 i -
B0
600
400
aofll|| | \ ‘
% YQ"J 313 104 a5 Win 1570 1980 1660 2(!0 (“HJ 5 “!;\:’\‘J

21
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Cautions

H

YELLOW

Pressure
Reduced

§2020-2021 Drought

@ *mEm
o mEstk
® =Rk

_ @ SESATEREK

I2021 16
I2020 10.26

I2021 4.6

Actions Under Different Color Signals

pply: stop non-essential supply such as
gation, building exterior washing,

y m’mm«mwm
ok ; e

23

LLEED TR
LAt

WHIE

2023/8/7
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- Two significant rainfall events in the 2021 rainy season
- Cumulative rainfall was >200mm

(2021) 05.30~06.01 (2021) 06.05 ~ 06.06

Foam &

PRERHN

24

(2021)
anges in reservoir storage

® FmEE
O AEsE
@ =mik

® SRk EERRY

25
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1 Drought response measures and actions

ncrease the emergency water source
by 300,000 CMD

Riverbank rmmioJ Deep Wells Desalination Construction Site

Groundwater

40,000 CMD | 150,000CMD | 15,000CMD | 95,000 CMD

U V) V) V)

JIJeM dI0uU dARS

26

2023/8/7
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‘Water Quality Safety Risk Assessment

Water source

* Comprehensive water testing

* Avoid potential sources of contamination
* Complete Water Quality Monitoring
Water treatment

Water supply
* Water supply safety and sanitation

+ Strict water quality monitoring

* Taichung Construction Site Groundwater
_ Suitability Expert Meeting-Site survey and
. discussion

27

E W{t/:r quality safety monitoring and management
~of groundwater used in construction sites during the
drought period

Temporary water treatment equipment
* Quick filter barrels for turbidity
* Activated carbon treatment of organic matter

* Sodium hypochlorite disinfection to remove
biological pollution

Water Quality Safety Workstation

2023/8/7
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Online

Monitering

Pzl Biological

IESHTY

HIGRILOHENG

__R’éearch

Resga’i‘ch on the Establishment of Treatment
Strategies for Raw Water with High Organic matters

: sult

he dominant algae species is green algae, and DOC is easier
D be removed by oxidative coagulation. The organic matter
the raw water of Cheng-gong plants is mainly contributed
by algae secretions, and the dominant algae species is blue-

~ green algae, and DOC is not easily removed by oxidative

~ coagulation.

Che risk of disinfection by-products in Lu-zhu plant and
heng-gong plant comes from the chlorination process before
e filter unit, which causes the raw water algae to release
nore IOM, EOM, and excessive APL.

h abnormal water quality, it is necessary to use a suitable
nt and coagulant, and the dosage must be sufficient. For
lle, PACI or Alum coagulation and NaOCl pre-

1 can obtain the most significant removal effect of
matter and algae

30

2023/8/7
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The reason for the research case

' =

The water storage
capacity of Liyutan
Reservoir decreased
during the drought,
which made the raw
water of the water
treatment plant
encounter the
challenge of
abnormal water
quality.

Due to climate change and abnormal climate in recent years,
the frequency of dry season has increased, and the drought
has caused dropping of the water level of the reservoir and
abnormal quality of raw water. In order to solve and deal
with this situation, relevant research projects were born.

31 @év&ﬁ*fka\i)

TAIWAN WATER CORPORATION

Organic
Pollutants
raw water with rich-algae man-made pollution of raw
(macromolecular water (small molecule
hydrophobicity) hydrophilic)
Haloacetic Acid Total
(HAA) Trihalomethanes
(THMs)
32 SRemakAkad

2023/8/7
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~ Disinfection by-products belong to the health-affecting substances of chemical
standards in drinking water quality standards

Haloacetic Acid(HAA;) Total Trihalomethanes(THMs)
- Drinking Water Quality Standards : 60 ppb  Drinking Water Quality Standards : 80 ppb
- TWC’s internal control value : 48 ppb TWC'’s internal control value : 64 ppb
a //o X
H—C—=C cl X
L]
i
= o H \)(

* monochloroacetic acid X=F,ClLBr.
: lehloroacetl'c acu.i * Bromodichloromethane
* Trichlor oa?etlc .ac1d * Dibromochloromethane
. Bromoacetlc ?CId. «  Chloroform
¢ Dibromoacetic acid « Bromoform
33 GBemarAana
I TArwaN watER corPORATION

_./];:sinfection by-product formation factors

_

w

R

organic material 1 Chlorine amount 1 temperature 1

.. } -
DBPs
conc‘entration 1

® @

pH

Reaction time 1 (—1—\ bromide ion 1
pHIE| pHiE"
HAA 1 THMs1

£ SRemakkad

— TAIWAN WATER CORPORATION

2023/8/7
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==
soluble microbial
products(SMPL)

Water quality analysis - detection of

organic matter characteristics

oo A

humic

ARAE—

. macromolecular

acid(HAL)

~ -
x,_ﬁq__‘qs__lzd_r‘(m_ht_).blclty _ small molecule
> hygdeonhilic8
350

Ex: 200~400 nm
=

225

200 !
280 © 4 320 340 360 380 400 420 440 460 480 <~

- sulfonic""
protein(APL)

Em: 280~550 nm [ acids(FAL)
small molecule 35 N small molecule
= hydrophilic S — .

Reservoir

o Possible Water Quality
) Upem Problems Caused by Algae

80

©® Blue-green algae: In summer, it is
easy to cause the risk of algal
odor, algal toxicity and total
trihalomethanes.

70
60

® Chlorella: In spring and summer,
it is easy to cause the risk of algal
odor, algal toxicity and total
trihalomethanes.

B E 0%

fii#

Diatoms 1 ® Diatoms: It is easy to cause
severe blockage of the filter bed
in autumn and winter.

July heat stratification can lead to blue-
green algal blooms

0 e —
10912 11001 11002 11003 11004 11005 110.06 11007 11008 110.09

% Berarkara

TAIWAN WATER CORPORATION

2023/8/7

19



BRAOKESE S g E H g%

N
AR —

Raw

water
with high
organic |
pollution

Matter in Natural Water

Literature Analysis - pH Range of Coagulation of Organic

0@

Molecules are
large and highly
hydrophobic

Kaolin®

Molecules are
small and highly
hydrophilic

—

'
| |
i | /
| : Algal polysaccharides”
i
i Algal Com?
roteing
rateins + Kaoiin'
Humic £+ Kaofin®
Algal pratein
Hurmic

pHE 7 3

Humic s

Enhanced coagulation

1
25%  15% |
1
1

1
1
1
1
1

45% 1 35%  25% !
. 1
. 1
| 1
| 0% 30%
\ 1

Most of the high organic raw water in
Taiwan is of medium or high alkalinity
(such as Luzhu, Jingmian). Under
neutral or slightly acidic conditions, the
removal rate of TOC by coagulation is
about 25~40%.

3 GBemarkaa
£ TAIWAN WATER CORPORATION

erformance

* Total examination numbers more than 200,000 per year in

TWC , average water quality compliance rate reached

99.95% in last five years

* Total examination numbers more than 9,500 per year in
our government, average water quality compliance rate

reached 99.95% in last five years

total examination number & water quality

compliance rate in TWC

240000

230000

220000

210000

200000

190000

180000

2012 2013 2014 2015 2016 2017 2018 2019 2020

[ total examination number

38

100.00
99.95
99.90
99.85
99.80

— 99.75
2021

water quality compliance rate(%)

2023/8/7
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V ision

-+ Enhance emerging contaminants examination

« Enhance advanced water treatment technical research

* Enhance lake water eutrophication and algae control
research

* Enhance international cooperation of water quality
management and research

* Pursue higher clean water quality for customer than
current '

39

‘Bei ter Water
Better Life

@é‘ oA RKKAE

TAIWAN WATER CORPORATION
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Optimization and Automation in Water
- Supply System — Current Research

Institue
Teknologi

Sepuluh Nopember

WUN Global Research Group X
SDGs in Asia 2023 Research
Project Fund

Workshop on Water Quality Improvement for Drinking Water

August 7, 2023

pusar 2019/2020
’ PENELITIAN . . . . .
o st don e Research Consortium of Sustainable and Resilient Settlement — Water Provision/Water Security
SUSTAINABLE AND RESILIENT SETTLEMENT: WATER PROVISION/WATER SECURITY
WG 1: Water Quantity Security WG2: Water Quality Security WG 3: Water Continuity Security
Guaranteeing the availability of water in Guaranteeing the quality of available water in Guaranteeing the availability of water in
sufficient quantity accordance to health standard enough quantity and proper quality at anytime
+ Prediction/forecasting the availability of » Development of advanced water treatment *  Minimizing/avoiding water leak/water loss
water sources vs demand technology in water supply system
e Predicting the effect of climate change on e Development of water quality monitoring ¢ Providing mobile water treatment unit to
the availability of water resources/water devices (sensor/biosensor) supply water during emergency condition
balance

| b

Multidisciplinary: Multidisciplinary: Multidisciplinary:

- Data Science - Material Science/Engineering - Environmental Engineering
- Hydrology/geohydrology - Environmental Engineering - IT/informatics

- Environmental Engineering - Chemical Engineering - Electrical Engineering

- IT/informatics - Biology - Mechanical Engineering

sy et 1
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FUNDING AND
PARTNERS

i<} LING'

1931

Ol

Q,

Institut

Teknologi
Sepuluh Nopember

Teknologi
Sepuluh Nopember

NAL
O
)
X/,
Syzan®

BRIN BRIN

BADAN RISET WAGAN RISET
EAN INOVAS] NASIBNAL TAM INDVAEL MABIBNAL

—)

s

PUSAT
# PENELITIAN
v’ Infrastruktur dan
# Lingkungan Berkelanjutan

JION/WATER SECURITY .b 2021 - Research Project (BRIN Fund): Flow sensor placement
‘ ' strategy to detect and locate leak in water distribution system.

WG Wate SUNC Aty Seolty BRIN  Result, publication: (2021) AM Shiddigi, DA Pramana, E

Guaranteeing the availability of water in Sisfeasss Nurhayati, AB Raharjo, Sensor Placement Strategy to Localize
enough quantity and proper quality at anytime . T . . ..
Leaks in Water Distribution Networks with Fluctuating Minimum
*  Minimizing/avoiding water |leak/water loss Night Flow
in water supply system
* Providing mobile water treatment unit to
supply water during emergency condition https://ieeexplore.iece.org/abstract/document/9608573.

— 4 A

Multidisciplinary: 2022 - Research Project (ITS Fund): Development of a dashboard
- Environmental Engineering
- IT/informatics . ember .

- Flactrial Ergkissig Result: Prototype, Flowmeter Dashboard.

- Mechanical Engineering

for water pipe leak detection using distributed ultrasonic flowmeter.

2023/8/7
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PUSAT
# PENELITIAN
# Infrastruktur dan
# Lingkungan Berkelanjutan

water treatment unit to support water supply continuity within a
sustainable resilient settlement concept.
Result:
Guaranteeing the availability of water in ; : ; “
B oy bl o (1) Prototype and Submitted HKI~ (Property Right) for ' Portable
flood-water treatment by continuous electrocoagulation and

[ WG 3: Water Continuity Security

* Mi"i":m"‘g‘!a‘:"idi”f‘”ate' leak/water loss sedimentation (Alat Portabel Pengolahan Air Setara Air Banjir
In water supply system .

e Providing mobile water treatment unit to Menggunakan Metode Elektrokoagulasi Tubular dan
supply water during emergency.condition Sedimentasi Beraliran Kontinu)” ,

(11) Prototype of Ozone generator for water treatment.

— 4 A

Multidisciplinary:

- Environmental Engineering
- [T/informatics

- Electrical Engineering

- Mechanical Engineering

Control and Optimization of water supply system (2021)

rvoir ot
Distrioution
netwark

: «Raw water

- | *Production
ing. ~ eDistiibution
=Service
Main I :_. P S

distibution

Sub Judul 4: Rancangan Bangun Kontrol : : : T
VSD pada Pompa Intake PDAM untuk Sub judul 1: Pembangunan Dashboard Deteksi Kebocoran Pipa Air

Efisisensi Energi Transmisi Air Dengan Menggunakan Sensor Ultrasonic Water Flowmeter

I 1
Sub Judul 2: Peningkatan Efisiensi Proses Sub Judul 3: Aplikasi Smart Sensor untuk Optimasi Pembubuhan
Koagulasi dan Flokulasi pada Pengolahan Air Bahan Kimia Pada Proses Pengolahan Air Bersih

sy et 3
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WUN Fund: 1000 USD
- ITS Fund: 3200 USD

[Bachelor] Lab study: Effect of aeration and pre-chlorination on coagulation and flocculation

- WUN Fund: 6400 USD
« ITS Fund: 3200 USD (Submission Process)

[Master] Lab study: Effect of pre-ozonation on

performance iFe--- the coagulation, flocculation, and disinfection

[Bachelor] Field study: WTP Performance Evaluation (Case: WTP Badung and Denpasar,Bali) -~

¥

Paper Title: The role of aeration and pre-chlorination prior to coagulation-flocculation process in water
treatment: A laboratory and field research in Indonesia

Presented at:
The 3rd International Conference on Green Technology for Sustainable Environment 2022 (GTSE-2022),
Taipei

Submitted to:
Journal: Case Studies in Chemical and Environmental Engineering

Effect (Surabaya WTP)

[Bachelor] Field study: Efficiency analysis of
energy and coagulant consumption at Surabaya
WTP using DEA (Data Enveloping Analysis)

« SATU Funding?

2021/202 2023
2 - ITS Fund: 6400 USD
[Master]: Optimization of coagulant dosing process in drinking water treatment plant using back
propagation neural network method (Presented at SRCM 2022) U
[Bachelor]: Control System of coagulant dosing pump for water treatment
SCADA
d Envir tal
Netwa k Equi ith DGS
Research Road Map e Eappot
Sustainable Smart Development of terrestrial communication of the system:
5y5tem fﬂl" Water ﬂ“d - . + Enviro, sensing based on Wi-Fi hop, LoRa and other communication systems
Wastewater Treatment fear 3: Terrestrial + Environmental Topography study
: ki Development of DSS
« Optimized process ® e R
« Automated system
+ Efficient energy consumption
. uced Cost
+ Prog ble/C izable sy «  Lab-grade system integration

Upgrading the |ab-grade

! Year 2; Data Agi
and upgrading

lab grade
Industrial-grade

« Data aggregation for the

Development of proxy and/or aggregste parameter for ease of measurement, monitoring, and control as well as

reducing sensor cost,
. LRt R A e - RGE to PtCo water sensing device

« Dissolved oxygen monitoring system

Finding dynamic characteristics for each industrial system and comparing them to the

Development = Zeta potenitial recognitor using 5 water parameters [pH, Turbidity, Conductivity, Temperature, Color]

system to a full industrial-grade system

base of D55 {dedsion support system) development

Year 0: Previous Research
[R] and Prototype [F]

Prototype development of low-cost and prog | i instr. i {5sfected) Related/supporting research
[P] Autornatic dosing system E:% g;i"ﬁ“' and mw ﬂm SUpply sy 5";'&“ e
’ g . ncing water g and carbon emission for water treatme
B:% maéam‘:‘r:?or:s;e::(er quality manitoring system R] Intell Sensar for Quality M g in B3 on Process of Textile Wastewater
[P] DO sensing Flow sensor placement siratagy to detect and locate leak In water .
[P] Water Distribution Pipe Leak Detection Dashboard _[R-] 2 I'J:_. T hoyn o 2 2 M ¥ m
[P] Ozone o for water/

2023/8/7
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Raw water
source

WM’STM
FORWATER'AND|WASTEWATER TREATMENT)

WATER SUPPLY
SYSTEM

Raw water
source

+ Raw water b
transmissjon
networl Dn'nkfng
water
transmissjon =
networ E
wiabe E 2
T
WWTP Sump well ;?525‘3“ é%
& . » =
L &. @ $ 2=
e’ «— g — ==
(=
¥« 9 B 4
Ims ﬂlﬁ'ﬁ LITIAN A‘ »
o ¢
L“ N ‘

(intake system)
2022 XResearch Project (ITS Fund): Design of VSD control in PDAMX]s Intake
VSD Control for Energy Efficiency in Water Transmission System (Rancangan

s el Kontrol VSD Pada Pompa Intake PDAM Untuk Efisisensi Energi Transmisi
il Prototype of VSD Control.
: 5b
ewater >
WWTP : ;‘smn o
%" @ - 2=
o, e — Bg

el
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At point 2 (WTP)

2021-2022 XResearch Project (BRIN Fund): Design of mobile water treatment unit to support water supply continuity within a
concept.

Result: (i) Prototype and Submitted HKI (Property Right) for BEPortable flood-water treatment by continuous electrocoagulation and
Portabel Pengolahan Air Setara Air Banjir Menggunakan Metode Elektrokoagulasi Tubular dan Sedimentasi Beraliran Kontinu)[X, (ii)
generator for water treatment.

2022 XResearch Project (ITS Fund, WUN NCKU Taiwan): Improvement of coagulation and flocculation process efficiency in WTP.
Result, Publication: 2023, AY Bagastyo, E Nurhayati, SPH Manah, AAWR Iswari, A Yulikasari, IDAA Warmadewanthi, TF Lin, The role of
chlorination prior to coagulation-flocculation process in water treatment: A laboratory and field research in Indonesia, Case Studies
Environmental Engineering, https://doi.org/10.1016/j.cscee.2023.100352.

e T
LITIAN <\

SIEIGARD \

O VAT WS TEVRTEA TEATHERT
e et [eserves [! 3

At point 2 (WTP)

2022 [XResearch Project (ITS Fund): Application of smart sensor for chemical dosing optimisation in WTP.

Result, Publication: Neural Network Modelling for Prediction of Coagulant Dosage (Presented in International Conference SRCM 2022, under
in IOP: Earth and Environmental Science).

Result, Prototype: Water quality monitoring system.

Result, Prototype: Automatic coagulant system.

2023 (ongoing) [XResearch Project (Funded by WUN, NCKU Taiwan): Balancing water quality and carbon emission for water treatment plants
Subtopic: (i) Preozonation for enhancement of chemical consumption efficiency in the coagulation and chlorination process in water
Surya Sembada Surabaya); (ii) Efficiency analysis of energy and coagulant consumption at Surabaya WTP using DEA (Data Enveloping

stz /U
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i

Point 3 (Distribution Network)
2021 [XResearch Project (BRIN Fund): Flow sensor placement strategy to detect and locate leak in water
Result, publication: (2021) AM Shiddiqi, DA Pramana, E Nurhayati, AB Raharjo, Sensor Placement Strategy to
Water Distribution Networks with Fluctuating Minimum Night Flow,

2022 [XResearch Project (ITS Fund): Development of a dashboard for water pipe leak detection using
flowmeter.
Result: Prototype, Flowmeter Dashboard.

L
¢
m ﬁﬂlﬂ"ﬂﬂlﬂ i
= FORWATER'AND WASTEWATER TREATMENTRRSS \

| DI& f!bll on
rﬁasv;u\.}rgger Epese""a Ir [ nel‘wo!L B

R SUPPLY

i

Point 3 (Distribution Network)

2021 [XResearch Project (BRIN Fund): Flow sensor placement strategy to detect and locate leak in water
Result, publication: (2021) AM Shiddiqi, DA Pramana, E Nurhayati, AB Raharjo, Sensor Placement Strategy to
Water Distribution Networks with Fluctuating Minimum Night Flow,

2022 [XResearch Project (ITS Fund): Development of a dashboard for water pipe leak detection using
flowmeter.
Result: Prototype, Flowmeter Dashboard.

2023/8/7
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At Point 4 (Wastewater Treatment Plant)

2022 [XResearch Project (ITS Fund): Intelligent Sensor for Quality Monitoring in Electrocoagulation Process of
Treatment.

Result: Prototype, wastewater treatment monitoring system.

2023 (ongoing) XResearch Project (ITS Fund): Development of Dissolved Oxygen Profile Monitoring in Keputih
Treatment Plant (Pengembangan Sistem Monitoring Profil Konsentrasi Oksigen Terlarut pada Unit Oxidation
Pengolahan Lumpur Tinja (IPLT) Keputih).

ewater
eclion

WASTEWATE
TREATMENT SYS

b Control System For VSD Pump » Ozone Generator for Water Treatmeant

2023/8/7
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Preozonasi Sebagai Pretreatment
erk Proses Koagulasi dan Disinfel

(Shldl Kasus: PDAM Surya Sembu.da)

BUSAT
4 PERELITIAN
z ’
o !

Mehanisme Penambahan Pro-cronasi:

) Pre-czenasi )y

Hasil Pengalahan Hasil Pengolahan
Sebelum Pre-ozonasi etelah

Tanpa adanya pre . szonasi diketahul penggunaan qu vlan
mﬂ:mu‘?: ?Ld fima) 'y

y Adanya proses pra-stenasi yang ditambahlan
Kesimpulan: l....-i... soberar 2% dan Wiovin neiwuar 6%, Kansatirasl akhir dar
tar jugn tarlhat barkurang dan mendekati il boks muts air
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Workshop on Water Quality Improvement for Drinking Water

L ql i 0 % %
2 0 PENELITIAN 3
R # Lrnhingan Seibalojican 4

PHOSPHORUS IN FRESHWATER BODIES

Conference Room, 7 August 2023
Department of Environmental Engineering, Institut Teknologi Sepuluh Nopember

Welly Herumurti - Ph.D. Student
Advisor: Professor Tsair-Fuh Lin

qu Department of Environmental Engineering

@ National Cheng Kung University (NCKU)

Introduction ] Water Quality Std and Criteria Freshwater Bodies Phosphorus Problems Research

Presentation Outline

Introduction

Water Quality Standards and Criteria: Indonesia and Taiwan
Water Quality in Freshwater Bodies

Phosphorus Problems

Research on Phosphorus in Water Bodies

11/21/2023 Department of Environmental Engineering - NCKU
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Phosphorus problem @

Although phosphorus is an essential nutrient, an excessive phosphorus load causes
eutrophication of water bodies (Pferdmenges et al., 2020).

It will be very challenging to purify the water bodies of reservoirs once eutrophication occurs. As
aresult, it is crucial to take early action to prevent eutrophication (Yu et al., 2020).

Currently, the phosphorus studies still have been conducted in term of phosphorus form and
concentration in many countries include in the Bangiao River Basin, China (Zhou et al., 2022),
Yasu River Japan (Osaka et al., 2022), Midwestern river USA (Boardman et al., 2019), Mae
Klong River Thailand (Suksomijit et al., 2018), and riverbank channel in England (Pulley et al.,
2022).

Moreover, due to eutrophication often occurs in the lake ecosystem, research was mainly
conducted to determine the contribution of phosphorus forms such as in Taihu Lake China (Shi
et al., 2020), Chao Lake China (Shi et al., 2020), Erie Lake North America (Baker et al., 2019),
and Kasumigaura Lake Japan (Shinohara et al., 2016).

11/21/2023 Department of Environmental Engineering - NCKU 3
Raw water sources for drinking water companies in East Java Indonesia @

Raw water of water supply company

Others, 9.48%
Reservoir, 0.18% ‘

i 0,
Groundwater, River, 49.14%

14.85% it

Spring, 26.35%

(Statistik air bersih Jawa Timur, 2021)
= River =Spring =Groundwater =Reservoir = Others

11/21/2023 Department of Environmental Engineering - NCKU 4
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| Introduction [ Water Quality Std and Criteria ] Freshwater Bodies Phosphorus Problems Research

Water Quality Standards: Indonesia and Taiwan

Government Rule of Republic Indonesia Number 22, 2021 about
Implementation of Environmental Protection and Management
(Appendix VI: National Standard of Water Quality)

Regulation of Minister of Environmental and Forestry Number 27,
2021 about Index of Environmental Quality

Surface Water Classification and Water Quality Standards 2017
Environmental Protection Administration Taiwan

11/21/2023 Department of Environmental Engineering - NCKU 5
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| Introduction [ Water Quality Std and Criteria ] Freshwater Bodies Phosphorus Problems Research

Indonesia Environmental Quality Index: Index of Water Quality

® 20 oT

Location criteria of water quality monitoring:
a. represents the source of the pollutant;

at the outlet of the main watershed;
at the intake point of drinking water treatment;
on lakes, reservoirs, or situ; and/or

on the flow of upstream water bodies that have not been affected by human
activities.

Parameters:
pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical
oxygen demand (COD), total suspended solids (TSS), E. coli, nitrate nitrogen
(NOs-N), total nitrogen, total phosphorous (TP), fecal coliform, chlorophyll-a,
transparency

ofe
o

NES

11/21/2023 Department of Environmental Engineering - NCKU 6
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Designated Uses : Indonesia and Taiwan
Indonesian Water Classification
Designated Used
Class 1 CRaw drinking water
Class 2 Recreation,
aquaculture water,
livestock,
irrigation/agriculture
Class 3 Aquaculture water,
livestock,
irrigation/agriculture
Class 4 Irrigation/agriculturée
11/21/2023

K3

j 0y
Taiwan terrestrial surface water bodies (Rivers and lakes)
Category A wim ming

and as Category B, C, D, and E water bodies
Category B

Class 2 public water, Class 1 aquaculture water
and as Category C, D, and E water bodies

Category C Class 3 public water, Class 2 aquaculture water,

Class 1 industrial water
and as Category D and E water bodies

Category D Irrigation waterClass 2 industrial water, and

environmental conservation

Category E environmental conservation

1."Class 1 public water" means water sources that have been disinfected and can be used as public water supplies.

2."Class 2 public water" means water sources that must undergo d purification such as coagulation,
sedimentation, filtration, and disinfection, etc., before they may be used as public water sources.

3."Class 3 public water" means to water sources that must undergo special or intensive treatment, such as activated carbon
adsorption, ion exchange, and reverse osmosis, etc., before they may be used as public water sources.

4."Class 1 aquaculture water" means terrestrial surface water sources that may be used to provide water for raising trout, sweetfish
and perch, and to marine water sources that may be used to obtain water for raising red sea bream and purple laver.

5."Class 2 aquaculture water" means terrestrial surface water sources that may be used to provide water for raising carp, grass carp,

and mollusks, and to marine water sources that may be used to obtain water for raising milkfish, common mullet, and gracilar seaweed.
6."Class 1 industrial water" means water sources that may be used for use in manufacturing.
7."Class 2 industrial water" means water sources that may be used for cooling water.

Department of Environmental Engineering - NCKU 7
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Water Quality Criteria K7
\\-'_.4/
Indonesia: Lake Water Quality Standard Taiwan terrestrial surface water bodies (Rivers and lakes)
Parameters Unit Indonesia Parameters Unit Taiwan
1 2 3 4 A B [ D E
pH 69 69 69 59 pH 6.5-8.5 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0
Dissolved oxygen (DO) mgt (6 ) 4 3 1 Dissolved oxygen (DO) mgl  (265) 255 =245 23 22
Biochemical oxygen " 2 3 6 12 Biochemical oxygen demand (BOD)  mglL =1 <2 <4 <8 <10
demand (BOD) " Suspended solids (SS) mgll <25 <25 <40 <100 svecmnorol
Suspended solids (SS) mg/L 25 50 100 400 P - 9 ” = - - polutant
E. coli CFU/M00mL 100 1000 2000 2000 E. coli CFU/M00mL <50 <5000 <10000 - -
Total nitrogen mg/L 065 075 1.9 - Ammonia nitrogen (NH;-N) mg/L <01 =03 <03 - -
Total phosporous (TP) mg/L 0.01 003 0.1 - Total phosporous (TP) mg/L <0.02 =<0.05 - - -
Indonesia: River Water Quality Standard
Parameters Unit indonesia Indgnesm: Environmental Protecltlon apd Management:
1 2 3 4 National Standard of Water Quality: River and lake
pH 69 69 69 59
Dissolved oxygen (DO) mgl (e ) 4 3
oy ovgendemand g1 2 3 6 12 Taiwan: Surface Water Classification and Water Quality
‘Suspended solids (SS) mg/L 40 50 100 400 Standards: Terrestrial surface and marine surface water
E. coli CFU/M00mL 100 1000 2000 2000 bodies
Nitrate nitrogen (NO5-N) mg/L 10 10 20 20
Nitrite nitrogen (NO,-N) mg/L 0.06 0.06 0.06
/Ammonia nitrogen (NH,-N) mg/L 0.1 0.2 0.5
Total nitrogen mg/L 15 15 25
Total phosporous (TP) mg/L 0.2 0.2 1.00
11/21/2023 Department of Environmental Engineering - NCKU 8
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Freshwater Bodies

Trophic state indices of reservoirs around Taiwan

The monitored reservoirs in Taiwan

https://wq.epa.gov.tw/EWQP/en/EnvWaterMonitoring/Reservoir.aspx#!

Feng Shan Reservoir monitoring sites

11/21/2023 Department of Environmental Engineering - NCKU

Feng-Shan
Reservoir |

Feng-Shan
Reservoir Il

Feng-Shan
Reservoir Il

Feng-Shan
Reservoir [V

@~

Mo testing data
Cligotropher
Mesotrophic

l Eutraphic

Statistics Time : Moy, 2020

] Phosphorus Problems Research
./

| Introduction Water Quality Std and Criteria [

Freshwater Bodies

Water Classification

Latitude and longitude

Feng Shan Reservoir monitoring results in November 2020

| rmes | um ] oo
Rese

-Shan Feng-Shan Feng-Shan Feng-Shan
rvoir | Reservoir Il Reservoir Il Reservoir IV
B B B B

22°32'27.528”,
120°23'31.985"

22°32'20.3217,

22°32'19.219”,  22°32'19.219”,

120°23'24.338" 120°23'18.539" 120°23'18.539"

CSTI Eutrophic 74 72
m 0.6 0.7
Chl_a mg/L 20.8 14.3
Total Phospate mg/L 0.499 0.468
[Sampling Depth BRI 05 05
°C 27.3 27.2
°C 27.2 272
mmho/cm25°C 559 562
mg/L 6.3 4.9
[pos 000 | % 79.2 61.8
NTU 12 11
EC. moL 16.4 12.1
mg/L 8.2 4.6
[NH:-N 0.2 0.1
mg/L 1.7 1.83
https://wq.epa.gov.tw/EWQP/en/EnvWaterMonitoring/Reservoir.aspx#!
11/21/2023 Department of Environmental Engineering - NCKU

71 71
0.8 0.8
13.6 13.6
0.464 0.464
0.5 0.5
27 27
27.3 27.3
7.38 7.83
564 563
5.1 5.1
64.2 64.2
10 10
12.4 12.4
5 5
0.08 0.08
1.69 1.69

10
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Filin A% = v Termue

Online Monitoring: Onlimo Ministry of Environmental and Forestry

e

STATUS MUTUAR &

U3 Agus M 1SS =R

Filih Kabota

S

Denpmar Mataram

212 73

Total Stasin

1212023

Department ot Environmental Engineering - NCKU

| Introduction Water Quality Std and Criteria [

Online Monitoring: Onlimo Ministry of Environmental and Forestry @

[ 9 Stasiun KLHKT1, Desa Tulungrejo.
SUNGA| BRANTAS, Kota Batu, Jawa Timar.

STATUS MUTY

oAs Indeks Pencemar

Arantas 0.3

Indeks Pencemar Per Parameter
CEMAR BERAT

CEMAR RINGAN

MEMENUHI BAKUMUTU

¥ategorl Amania

2. Apabila indeks () artinya data toak valid

11/21/2023
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Freshwater Bodies

PROFIE STASIUN

Status Mutu AlF

033 0:19 04 o3 (]
BOD oD Do Mitrat PH ToS T5SS

1. Indeks adalady rarsio korsenéras| parametes techadap baku muta air sungas kelas B Lampiran vi Peraturan Pemerintsh Nomos 22 Tahon 2021

STATUS MUTL AIR BERDASARKAN PERMEN LHK NOMOR 27 TAHUN 2021

5-10
CEMAR SEDANG

GRAFIK TREMD GRAFIN BAR
Tanggal Data

- 04 Agustus 2023 v |
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River Water Quality Dataset

Freshwater Bodies

] Phosphorus Problems Research

wumpiitan Gata
Kualitas Air Sungai
CIAAEET I Dorish NasH anakes LusiLas Al Sungsl & Preving DK Jakaita

Fonjelatan mengenal usriatel pada Datasat inl

Dinas Lingkungan Hidup

1 name_sunges - Kems Sl
2 81tk ponta - Tith P

Badtan yang menge o linghuesan 3, okt Bk Madis
hidug B hiosid_wilins sl Ana kag
Taplk: ntactata:
JUEe— ® Terskhii Digerband | 05 Aqushis 3000

= Ditasat 03 e 300
« Surmber - Dings Lingliungan W Brouy D) okt
& Frokuensh Penarbitan ! 1 Tahun Sekal
« Tabun #0010
= Cabupan: Frosine 0K Aakarts
* Vonyagan: Proani B6 ks
= Kontak: dinssh@iakarts gaid

11/21/2023 Department of Environmental Engineering - NCKU 13
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] Phosphorus Problems Research

River Water Quality Daerah Istimewa Yogyakarta o
Year Year
Sub Element —55 16 5020 2021 2022 SubElement 5019 2020 2021 2022
River of Code River of Konteng
Up-stream Up-stream
BOD 3.67 2.54 1.07 1.57 BOD 5.51 312 411 2.00
COoD 20.80 23.09 8.23 9.31 COoD 14.20 16.83 15.46 8.26
TSS 70.00 10.85 30.00 133.07 TSS 98.00 4.25 10.67 4.73
DO 3.31 7.20 7.31 5.31 DO 3.12 8.07 6.15 8.38
P 0.37 0.25 0.42 0.43 TP 0.71 0.22 0.31 0.21
E-coli 180 315 1,347 1,223 E-coli 3,500,000 177,350 56,667 39,300
Total coliform 930 555 3,103 2,187 Total coliform 3,500,000 920,000 92,000 62,967
Middle stream Middle stream
BOD 551 28.04 338 227 BOD 3.67 224 207 1.92
COD 16.80 78.49 14.87 15.41 COD 13.80 23.68 9.99 9.57
TSS 85.00 15.38 14.41 9.13 TSS 82.00 6.95 5.40 7.43
DO 2.94 8.14 6.91 717 DO 3.31 7.98 7.29 7.80
P 0.81 0.66 0.72 0.66! TP 0.54 0.60 0.56 0.27
E-coli 40,000 70,000 32,607 186,000 E-coli 45,000 27,650 35,067 11,033 9y
Total coliform 430,000 150,500 62,667 366,667 Total coliform 45,000 49,000 43,100 25,467
Down-stream Down-stream
BOD 5.51 37.85 4.26 2.00 BOD 3.67 213 3.74 1.44) 4
COD 2040 9529 17.20 6.00 COD 20.40 21.12 17.42 9.80
TSS 80.00 365 3.00 5.00 TSS 85.00 18.60 20.67 29.57
DO 2.94 7.41 6.84 7.00: DO 2.94 7.78 8.70 7.53
TP 1.78 0.72 0.67 0.00 TP 0.71 0.69 0.73 0.43
E-coli 14,000 47,000 314,667 186 E-coli 18,000 89,500 15,867 73,200
Total coliform 35,000 280,000 314,667 367 Total coliform 18,000 89,500 36,267 121,867
https://bappeda.jogjaprov.go.id/dataku/data dasar/index/185-pemantauan-kualitas-air-sungai
11/21/2023 Department of Environmental Engineering - NCKU 14
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Yy gency ) e

Location Parameters N
pH TSS TDS BODs COD DO Cu Cobalt (Co) H,S Nitrite-N Fecal Coli TP
Up-stream River Pikatan 7.96 840 68 1.86 4.67 671  <0,0119  <0,0344 0.384  0.548 230 0.035
Down-stream River Pikatan 8.14 54.90 1080 3.09 7.63 562 <0,0119  <0,0344 1.23 0.477 430 0.0786
Up-stream River Cumpleng 8.3 7.80 155.0 224 548 6.1 <0,0119  <0,0344 0.541  0.535 170 0.051
Down-stream River Cumpleng 8.22 37.6 1160 272 657 592 <0,0119  <0,0344 0.564  0.504 240 0.103
Up-stream River Sadar 8.04 251 2480 3.51 872 532 <00119  <0,0344  <0,107  7.55 580 0.38
Down-stream River Sadar 833 344 2580 3.76 894 524 <0119 <0,0344 0586  0.891 470 0.185
Up-stream River Kromong 7.84 970 1680 196 49 639 <0,0119  <0,0344  <0,107  0.450 210 0.0701
Down-stream River Kromong 778 186 101.0 3.39 839 534  <0,0119  <0,0344 0.700  0.454 400 0.0532
Up-stream River Marmoyo 8.39 29.70 284.0 141 352 714  <00119  <0,0344  <0,107 0.482 130 0.124
Down-stream River Marmoyo 854 37.70 3040 143 36 6.93  <0,0119  <0,0344 0.451 0.514 480 0.143
Up-stream River Kwangen 8.38 12.3 4700 156 3.85 6.75 <0,0119  <0,0344  <0,107  0.642 170 0.0752
Down-stream River Kwangen  8.54 46.8 507.0 178 434 667 <0,0119  <0,0344 0.181  0.682 230 0.196
Up-stream River Kedungsoro 834 362 2560 168 412 671  <0,0119  <0,0344 0.248  0.524 110 0.175
Down-stream River Kedungsoro 842 54.0 259.0 210 515 619  <0,0119  <0,0344 0.113  0.522 270 0.213

11/21/2023 Department of Environmental Engineering - NCKU 15
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Particulate phosphorus Q‘%

Based on many studies, the phosphorus concentrations in rivers during wet
season are considerably higher in urban area than agriculture area which are
contributed from dissolved phosphorus.

While the rising of particulate phosphorus ratio to total phosphorus are shown
during rain lessness day (Pulley et al., 2022; Zhou et al., 2022).

Based on the study in the Yasu River, the PP concentrations dominated during
low water flow in the paddy rice field area, and the PP concentrations quite
enhanced during storm season in the dominated woodland area (Osaka et al.,
2022).

11/21/2023 Department of Environmental Engineering - NCKU 16
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Water samples

The freshwater sample were collected from
several water bodies in Taiwan, including
rivers, lakes, and reservoirs.

Three initial freshwater samples had taken
and are compared with other literatures.
Both river waters are pumped to the lake or
reservoir.

Preliminary results showed the
concentrations of phosphorus in the river
were higher than in the reservaoir.

11/21/2023 Department of Environmental Engineering - NCKU
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Phosphorus Problems

[ e |

Donggang Gac_)plng (Yao etal, (Yuetal, %
Parameters  River River 2016) 2021) =/
(REZ) (ERE)
TP 1.174 0470 2.890 0.1-0.14
TDP 0969 0.114 0.016 0.01-0.11
TPP 0.205 0.355 2.874 0.03-0.09
TIP 0.642 0.414
TOP 0.532  0.055
DIP 0.564 0.100 0.004
DOP 0.404 0.014 0.012
PIP 0.078 0.314
POP 0.127  0.041
TPP/TP 17.50% 75.69% 99.46%  50.00%
pH 7.462 8.095
Turbidity 7.04 298
TSS 24 352
TS 430 903

Yellow River (Yao et al., 2016)

Wangjiadian and Daxishan Reservoirs (Yu et al., 2021)

18
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Particulate phosphorus concentration frequently dominates of the total
phosphorus which causes eutrophication in freshwater body.

However, recently many studies still concern particularly particle size
distribution which is influenced by many factors, including rainfall, catchment
area, loam characteristic, and water bodies characteristic.

Moreover, the PP predominantly has categorized as small or fine particles and
sorbed in suspended solids which is challenging to be separated. While only
few studies emphasize to evaluate the treatment of phosphorus in the
freshwater bodies.

11/21/2023 Department of Environmental Engineering - NCKU 19
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Introduction Water Quality Std and Criteria Freshwater Bodies Phosphorus Problems [ Research

Research on the treatment and removal of particulates, which will be improved
by use of computational fluid dynamics, is needed to lessen the possibility for
eutrophication in fresh ecosystems.

The research will be concentrated on designing and simulating a reactor for the
treatment of particulate phosphorus

As a result, the study will develop a distinct method of treating phosphorus
particulates with various water characteristics.

11/21/2023 Department of Environmental Engineering - NCKU 20
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Thank you

11/21/2023 Department of Environmental Engineering - NCKU 21
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Water Quality Improvement for Drinking Water

Monitoring of cyanotoxin and odorant-
producing cyanobacteria in drinking
water reservoirs using real-time PC

Yi-Ting (Sandy) Chiu and Tsair-Fuh Lin

Department of Environmental Engineering
National Cheng Kung University
Tainan, Taiwan

August o7th, 2023

What is cyanobacteria?

* [t is a phylum of bacteria that obtain their energy through photosynthesis

* The name "cyanobacteria" comes from the color of the bacteria
* It often called blue-green algae

* Cyanobacteria are known for their extensive and highly visible blooms that
can form in both freshwater and marine environments
* The blooms can have the appearance of blue-green paint or scum

CSW reservoir, 2013, Taiw K reservoir,

2000, aiwan Bsgreservoir, 2011, Taiwan  ZET reservoir, 2013, Taiwan

2023/8/7
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Common Cyanobacterial Metabolites

g ;& Y :z.':_" i
75y . I Cirrhosis of the Liver
2 Microcystin i . )
Cylindrospermopsis _ Increased risk of liver cancer
<= 9! m.\“,;

Cylindrospermapsin

2-MIB (Musty)

Lose confidence HO én,
.in the safetyof drinking water. Geosmin (Earthy)

Harmful cyanobacterial problem in the world !

» Cyanobacteria can be found
in almost every terrestrial

and aquatic habitat

e Cyanotoxins
Geosmin
2-MIB

Modified from Zurawell et al. (2005) and Lin et al. (2012)
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Cyanobacterial problem in Taiwan

» Sampling and analysis

| L % r
W= = [ - SR | 3 '
4#‘._ ] e | .
[ L m'..' | . . §
BSER

'8

) To diagnose the water quality of drinking water sources
wOg* < 1

Matsu

|.rn‘8;‘5m | 38km

2|5 == "@#&M&_ﬂ,

 Fortaking strategies based on the water quality
To provide safe tap water to customers

rsi@ : s \
. BE 2 gy
aiwan | . \

| 100 km | X ; o IMER 8ier 2 - 3 days after
- = =] | LingH' i o e W\ " N N .
e | “:'_'_.‘-m“ ) 1.“11?_““8 & . Conventlonally,the procedures to |dent|fy suchrisks

® Cyanobacterial toxins R T ! -'ﬁ"R * Morethan 24 hrisrequired

2-MIB Yiknen, + Contaminated water may have already entered the

distribution systems

Conventional method for Monitoring

* Monitoring Technologies

» Conventionalmethod for cell abundance of harmful cyanobacteria: Microscopy

* Morphologically and taxonomically indistinguishable

« There have toxin/odorous and non-toxic/non-odorous strains in the same species
of cyanobacteria

& Professional experience required
% 3-Dimensional and stacked
X Tlme consumlng

* Using Molecular Biological Technology
» Candistinguishthe toxigenic and non-toxic one
*  Applyto on-site monitoring
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Molecular Biological Technique (qPCR)

Woman

¢ :
ey B 1 w’" B frnee ) {

YRR M,ﬁ,* S " o

Others
onl
Pseudanabaena sp. Y

P. sp DNA
P sp DNA

2-MIB
Non-MIB /C:)
QS\J Specificity primer Q
Qf\_) 2-MIB producing gene

‘
Benthic /&S\J : Q g

Others DNA quantification

Monitoring of Cyanobacteria and Metabolites ’

* Concept and Instruments for the Mobile Platform

Asution (b1 s

ScranceDirect

ingof g
circinalis u!ing qulnuum PCIl

Hsiung - Wei Taso ", Atsubo Miching lw.lr(nqm ¥en ", Steven Giglia ', 1 1 1
fr e B T Gegsmin-producing genes * For Rapld Momtormg

Environmental Research -:

r\n i tr native 11"||| -J I\ » guant |
: Meth

gPCR
Toxin- and odor? Nutrient conc.
' producing genes-

Chlorophyll-a

2-MIB producing cyanobaier Hn @ r - - = -

od development and field applica Multi-Parameter o gl - \ \' /[ // Microscope '\

2-MIB- producmg genes  aterQuality Meter Cell enumeration
ey,

ELISA"

A ch’CI{ABased Tool to Diagnose the Presence of Cyanotq;'i-in conc.

Harmful Cyanobacteria and Cy
Drinking Water Sources

ins in

VT Chiu , Viddwuan Chen |, TingeStiassn Woasny ", Fuemg-Koii Yow * amd ToaieFals Lin -

Microcystin- and cylindrospermopsin-producing genes
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Sampling and analysis

Currently el LTS transsill:)er:tion Analysis Report
Processes ~1 day ~1 day 2 — 3 days after

ELISA

Sampling / Analysis
Rapid methods

~ 3-4 hours

Application: 10 main reservoirs in Taiwan

Matsu
n 7
18 T T T T T T 4 T T T T T T
Kinmen D | Ty=0750+0741x R=0749 AT |y =066 +0381x R=0.690 (b)
" p =7 [ 95% Predition interval o 1 S 3 | 95% Predition interval oy
2 & 1=
_ / e o L i
.9 Times ‘ 9%x10¢ cells/mL - 13
{ & = amnnn e £
" | 2 o 12 L 4
10-14 Times g _ - ER
15-19 Times " g o7 ? 120b s
© . . o i . .
B0-24 Tizses ACGIg ) oo - oy icrocystis gene vs g _Toxigenic Microcystis gene vs
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Correlation — 2-MIB

29 Reservoirs in Taiwan

11

Jin-Hu Reservoir
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Application: monitoring of Laguna Lake in the Philippines

" [l ¥
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2-MIB-producing gene
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©
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Data collected in Resort

Brought samples back to Taiwan

1

1 3 4 % )

Cell equivalents of meyB gene, cell equivalents mL, log (x+1)

It can provide timely information to managers of reservoirs and water utilities when facing cyanobacteria-related incidents

Sampling site in Laguna Lake @ May, 2018
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Toxigenic Microcystis cells
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Total microcystins conc.
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Brought samples back to Taiwan
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Application: 5 geographic location
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Correlation based on geographic location

Total microcystins vs. Toxic Microcystis gene
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Management Strategies for Cyanobacteria in Sources water (WQRC) 17
Australia
* Alert Levels for Action « Systematic approach to monitor and assess the
- il = ) occurrence and growth of all cyanobacteriain
drinking water supplies.

* The levels are based on cell numbers and
biovolumes, in which cell quota of toxins and
odorantis important.

Species or Type Notification Alert
(Alert Level 1) (Alert Level 2)

Cell Numbers Biovolume Cell Numbers Biovolume
Microcystis aeruginosa (U;I:?)gtli.l} {mg;r‘} %',15"5" {mg.zﬁr‘;
Anabaena circinalis 6,000 1.5 20,000 5
Cylindrospermopsis raciborskii 4,500 0.18 15,000 0.6
Nodularia spumigena 12,000 2T 40,000 9.1

18

Modeling of risk assessment

| Water Research 8 e
£ ke
7F -]
A molecular-based method 1o estimate the risk associated with L 6k
cyanotoxins and odor compotnds in drinking water sources ==

Yo Las ¥ Thmg Chaius *, Michae! Burch *, Delia Semoen ', Tsaia-Fub Lin

¢ Gene number

Rick assessment by Microcystin- and 2-MIB-producing
genes

Total Phosphorus conc.

If Microcystisis controlled at <6,000 cells/mL (WHO) and Cylindrospermapsis
<15,000 cells/mL (AWQA), the total phosphorus concentration should be controlled

Log[Chlorophyll, Phycocyanin, Cell or Copy/ mg of Phosphorus]
w
T

below 0.01mg/L. "1 5102030 50 7I08II5 95 9.9
Cylindros- - Percent -
L TP  Microcystis permaopsis 4. " % mlc.R ney B m O.C P k.s mlb.c
- i Analysis of data and (mg/l) (cells/mL) (cells/mL) (cells/mL) (copies/ (copies/ (copies/ (copies/ (copies/
- % modeél agreement mh mb) mb) mb) mb)
FE - 0,00 8209 106 30455 4250 12519 188 5465
213 60910 8500 25038 376 10930
) S—— ] 0.05 22707 82093 1064 304550 42501 125190 1882 54650
Microcystins (MC) “Field applications 0.1 45414 164186 2128 609099 85001 250380 3764 109300
Cylindrospermopsins (CYN) 0.2 90827 328372 4256 1218199 170003 500760 7528 218599

2-Methylisoborneol (2MIB)
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Testing of Hypothesis
Toxigenic Microcystis gene vs microcystins conc. Chlorophyll-a conc. vs microcystins conc.
:g 4 T T T T 4 T T
;:3727 157 .§3711 57
) 2
~ | 'E |
g o
b Gene +- < Chl-a +-
£ JJon S O oo 7 Toxin+
§ Gene - :;} O O Chl-a-
'g - Toxin +- < - O Toxin +-
2 2
£ 5. ,
& 5
| §9T |
:;) 4 | | | | 0 S 72 | | | | 10
37 .1 -0.5 0 0.5 1 2 ) -1 -0.5 0 0.5 1 2
Log (microcystins conc. / guideline) Log (microcystins conc. / guideline)
. 20
Conclusions
For water utilities to diagnose the potential risk associated with harmful cyanobacteriain drinking
water lakes and reservoirs and provide safe water
10
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Take home message o

 Toxins and odorants are secondary metabolites.
* not necessarily the presence of products (toxins)

* There have toxin/odorous and non-toxic/non-odorous strains in the same
species of cyanobacteria.
* Morphologically and taxonomically indistinguishable
* Toxic and non-toxic strains of the same cyanobacterial species often coexist

* Bio-molecular methods for synthesis genes have been used to detect toxin-
and odor-producing cyanobacteria in freshwater bodies.

* The obtained gene information correlated well with conventional methods.

* The qPCR approach may be used for water utilities to diagnose the potential risk
associated with harmful cyanobacteria in drinking water lakes and reservoirs.
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The compound light microscope

O Interpupillary distance scale
© Eyepiece [

O Objective lens/Revolving nosepiece

® Slide holder

6 5.6 Focus, coarse/fine

1 © Stage x and y-axis travel knob
@.Fjeld lens

@® Brightness control dial




DIC microscor;

After finished

. Turn the nosepiece @ back until the 10x
objective is into place.

. Remove your specimen from the slide
holder ®.

. Let the stage® as possible as down.

. Turn the light intensity down using the

brightness control dial®.

. Turn off the power switch®.

. Cover the microscope.

Cell Enumeration

« S52 — Glass Sedgewick Rafter Counting Chamber
 Standard Method 10200F

fixed with Lugol’s solution (1% by volume)

water samples were placed into a 1 mL Sedgwick-Rafter chamber

allowed to settle for 15 - 30 min

x400 magnification

Sample volume: 1 mL

Filling a Sedgewick-Rafler Chamber

X / \
N lis fml = C x 1000 mm?3 i
o.cells/mL = SOX N :
i




Aphanizomenon

v' 1t is a genus of nitrogen-
fixing cyanobacteria that
inhabits freshwater lakes
and can cause dense
blooms.

v’ It has a slightly tapered
end with empty cells.

v' It has the ability to fix

nitrogen from atmospheric

nitrogen and has more
than one heterocyst in the
trichome.

- e
= 4“1!
m"’

Aphanizomenon

v SAMARAEN

; v}t%@ AKERE

o and Drinka Wy Wate aboratory

i

slightly tapered end Wwith
empty, cells

heteroc;yst

42

Botryococcus

v' Itis a genus of green algae
v' The cells form an irregularly
shaped aggregate. Thin
filaments connect the cells.

Kinmen, Taiwan, 2014

b T KBk A K

Gromdwater 11|1 Drinkang Werte
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Groundwater and Prinkma Water Lak

Ceratium

v/ Itis a genus of single-
celled aquatic
dinoflagellate algae.

v’ It is known to cause red
tides and water blooms.

Kaohsiung, Taiwan, 2016

WTKEHAKTRE

Coelastrum Grovwndwater and Prinking Water Laboratery
v  Itis a genus of green 455
AN IFTS
algae

v’ It is a species with high :V‘E EEE —

b

tolerance to water
pollutions Coelastrum
v Coelastrum forms 4, 8, 1
32, or 64 (-128) called
coenobia to ca. 100 um
diameter, organized as
spherical, pyramidal, or
cuboifi, free-floating HK xiTEL
colonies. v (BT E s

BEAMEF S




Cyclotella

v  Itis a genus of diatoms R
often found in =
oligotrophic /J \ ;%
environments, both
marine and freshwater.

v’ Cyclotella appears in

Cyglotella

warm, nutrient-rich v B
environments as well as A E B . --"? L
low-productivity EF' LV

@%%E
R
BE 16137 T

environments.

v It is a species with
tolerance and resistance
to pollutants, especially
ammonia.

T KB4 A RKTRE

Growdwater and Drivk angy Waker Laboratery

61

Cylindrospermopsis

v' Itis a genus of nitrogen- [ 4855
fixing cyanobacteria that [tiaks
inhabits freshwater lakes *I }@ =
and can cause dense i
blooms. Cvlindg@spermopsis

v' It has heterocyst cells at
the end of the trichome. - ZAhhE MEEF

v" The cross walls between §4 5’i‘ 83 = 44
cells were often indistinct, s
making this measurement [ —%ﬂi :
imprecise. 4 :'E AE BT

v’ the cells were enumerated ik
by their average cell “E2V e

number per unit length of
trichome.

e

mT«%ﬂmﬂf@;

Gromdwater and Drinkang Wart




Dolichospermum ’_ % i 7
(a.k.a. Anabaena) o Gt o roomy e

v Itis a genus of nitrogen- ks
fixing cyanobacteria =y
with bead-like or barrel- % HE 1=
like cells and interspersed
enlarged spores
(heterocyst and akinete).

v’ Three cell types

v’ vegetative cells for

Anabaena

photosynthesis
v' heterocyst for nitrogen
fixation
v’ akinetes for stress
survival
Merismopedia
v/ It is a genus of BE4R
cyanobacteria found in -
y 7z FUT=
fresh and salt water. < I5=
v It is ovoid or spherical in
shape and arranged in Merismopedia

rows and flats, forming
rectangular colonies held
together by a
mucilaginous matrix.

v It is a species with
tolerance and resistance
to pollutants.




Microcystis

v’ Itis a genus of freshwater E 48 3es

.I:I:I:Lndu.f"l"

cyanobacteria that causes
harmful algal bloom. ‘,f..u.".g ==3
v' Many members of a W EE
Microcystis community can

nradiice nen tr\‘r1v\n
Proauce neuroloxins an

hepatotoxins, such as

microcystin and cyanopeptolin.
v" The cells are usually

organized into colonies

(aggregations of which are

visible to the naked eye).

These colonies are bound by a

thick mucilage composcd of

5\. \/UlllPUDbu
complex polysaccharide
compounds.

7# A Q =

. T R B gk A K
Oocystls Gromawater ang Prinkang Werte:

_n.-.-

=1
h;\f—l—

v/ Itis a genus of green
algae

v’ It is a species with g |]
tolerance to copper and
nutrients.

Qaqcystis

£
2

=1] =k




Oscillatoria

v/ Itis a genus of
filamentous
cyanobacteria that is
often found in freshwater
environments.

v’ Its name refers to the
oscillating motion of its
filaments as they slide
against each other to
position the colony
facing a light source.

v’ Each filament of
Oscillatoria 1s made up
of rows of cells.

i
BEL ﬁéj'.- 352
LEmL AN I

el L il
EE%

b

Oscitlatoria

Pediastrum

v  Itis a genus of colonial
green algae

v’ It is a species with
tolerance and resistance
to pollutants.

v’ Pediastrum colonies are
disk-shaped and are
characterized by
peripheral hornlike
projections.

v The number of cells per
colony varies (2—128)

depending on the species.

i
2, L TES
s ==

oAl =— =y
ﬂéz

b

Pediastrum
i 2B AY

&F‘ﬁi’%




P e r ldln lu m ' Grommdwater avd Prinkaw |

v/ Itis a genus of single-

celled aquatic

dinoflagellate algae. _—
v' It is known to cause red ¥

Pseudanabaena

v’ It is a genus of 2-MIB- Eim
producing cyanobacteria. e & IEE

v' The trichomes are solitary ik PR B 3o
or forming fine mats.

v’ A trichome consists of a
small number of cells.

Pseudanabaena




Scenedesmus

v’ It is a genus of green
algae

v’ It is a species with
tolerance and resistance

to pollutants
v’ It is the inhabitant of eutrophic
and alkaline freshwater
ecosystems containing a
considerable amount of mineral
salts, toxic compounds, heavy
metals, and B-radioactivity.

v’ Scenedesmus can exist as
unicells; they are also
frequently found in
coenobia of two, four, or
eight cells

ey
[ —]
[=] =]

b
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Taste and Odor compound analysis H

* Head Space-Solid Phase r
Micro-extraction, |
HS-SPME)

+<—— Holder

<— Needle

A ey Fiber

Effluent, 65°C «— ;I

Head space

Thermostatic @ 65 “C

— «<—Inffluent, 65°C
-

Sample volume 50 mL

15 g NaCl




Taste and Odor compound analysis

*Sensory GC with GC/MS

0 Mactor

port W
1!

it

&%‘—‘ oo || Ty I
- % n annm injeeter \

C:{% Heated o =
R
\

0ven I o/ |
\

Tnalysis coluln“‘\\}\

23

Sensory GC

100000 3 o
é é Sl 2007 Wuxi Water crisis
N | g
80000 =B s =]
BEZT |8 2 2
8 =8 8 ; = = R=
£ 60000 & =, ENEERE & =
< - E B =& = Z
= £Eg24a [E E < 3
= 40000 £5 BN /
< a
20000
0] =
Septic S = =
3> = .2 = = = 2
S o S o 2 s z
— w2 z = - E [7¢]
= 8 = . = é’ IS
< < g c T
&£ 4 2 T
0
6 8 10 12 14 16 18 20

Retention Time (min) Yang, Yu et al., 2008, Science, 158a.




Flavor Profile Analysis (FPA) h

#Sensitive to odor: pg/L~ng/L
¢ Background pollutants level: ug/L-mg/L

®Sensory be different for individuals, characterize odor scientifically?
®How to identify key odor causing compounds on the background

pollutants coexistence?

25

Sensory Evaluation

Salty | Bitter

@Describe the odor characteristics correctly in water
(odor and intensity)

&Flavor Profile Analysis
v" Standard Method 2170
v' Training, Panel of at least 5 panelists

v’ Recognize, describe, and rate intensity

Chemical

Rating Scale
— O (odor-free)
— T (barely perceptible)
— 2 (very weak)

4 (weak)

-6

— 8 (moderate)

- 10

12 (strong)

AWWA Standard method




FPA Training: Webber-Fechner Law

MIBH (/L) MIBNIE (ngf)
14 !
12 S - .""\“.'Sﬂ;":"-" . vy v 1
1 ~
&
. ; - 2
" m = -~
B & =
z . 41
i e j ﬁ *
T e R
BILRHIE (mel) ] v'R2>0.90;
2,6-Nonadienal v SD<2FPA

26

General Guidelines for Odor Testing of Water
Standard Method 2170 (FPA for ODORS)

* Refrain from eating, drinking, or smoking at least 30 minutes prior to odor
testing

* Do not use perfumes, hand lotions, scented soaps, and similar products that
could cause interferences

» Excuse yourself from the exercises if you have a cold, sinus attack, allergy
flare-up, dental problems, or any related condition that could interfere with
smelling.

* Take your time. Allow 2 minutes of rest between samples.
* Remember that first impressions are usually the best.

» Hold the flask with the bottom in the palm of one hand and by the removable
top in the other. Keep the neck of the flask clean.

» Swirl the flask five times after use and return it to the water bath.




Containers for odor analysis of drinking water

* 500-mL Erlenmeyer flasks with ST32 ground glass stoppers for any
temperature. Fill with 200 mL of solution.

* Cleaning Flasks Procedure
* Do not use rubber gloves.
* Before use, heat 200 mL of odor-free water to boiling in the stoppered flask

* Allow the cool to room temperature before sniff testing for residual odors
* If odors persist, repeat steps 1-3 or use alternative cleaning method.
¢ Place 200 mL of sample in flask and stopper

* Immediately after use, dump the samples, rinse 10 times with hot tap water, add 200
mL of odor-free water, stopper, and store.

FPA Training

W g 42 — CUPSIT R 3K
(the Inital Sifting)

2 YlREAE = F E KRR
(Learning to Recognize Different
Water)

|
3 WAREZ BEERRE
(Practice Session Odor
Reference Standard)

the initial sifting. At least 75 points to pass the sift.
4 wigopso AR
(Threshold Odor Test)

!

S IHARAEE : Rk Y

(Practice Sessions Odor Intensity)

|
Gl bRk AZ 2 ook iR RS ARE
(Advanced Practice Session Odor -
Intensity)

Learning to Recognize Different Water.
Practice session odor reference standard.
Threshold odor test.

Practice session odor intensity.

Sy §A £ B I DS

Advanced practice session odor intensity.




Learning to Recognize an Odor Intensity Standard

» These samples will teach you to recognize the intensity of the 2-MIB odor at
3 different concentrations.

* The samples should be swirled and smelled using 200 mL solution in a 500
mL FPA flask and heating to 45" C for 15 minutes.

=" Moderate (8)

E&F Wweak (4)

=F Odor Free Water

EF very weak (2)

FPA Training

12
_ 10 + -
=
3 s i
g/ \
£ 6 R’=0.98
5 Regression Curve
= 4 .
<
& 2+ § Mean +/- Std Dev. |
0

1 1 1
10 100 1000
MIB Concentration, ng/L

Weber-Fechner Law: Intensity = b + m log (Odorant Conc.)

o | /;f _

FPA Intensity (Fishy)

e \
B /4{ R’=0.98 T
I /%/ Regression Curve
S

i Mean +/- Std Dev. -

o N &~ o) -]
T

1 L L
0.01 0.1 1 31
Trimethylamine Concentration, mg/L




